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ABSTRACT 
Atmospheric nutrient (nitrogen, phosphorus, and silica) loading and transport through 
precipitation and dry deposition is one of the least understood and may be one of the most 
important pathways of nutrient transport in agricultural landscapes. The purpose of this 
project was to fill three essential information gaps: (I) to characterize both nitrogen and 
phosphorus deposition, (II) to determine contributions of wet deposition (W) and dry-
deposition to dry- and wet-surfaces (DD and DW, respectively), and (III) to characterize the 
spatial and temporal variation of this deposition across Iowa. We measured nutrient 
deposition from July-September 2003 at six sites representing a range of landscape 
characteristics common in Iowa, and at one site for one year. Comparisons were made 
among types of deposition measures, as well as among sites. We found that dry deposition 
can be as or more important than wet deposition. More of the P and N occurred in the 
dissolved inorganic form for DW than DD. Little of the P in wetfall is in the dissolved 
inorganic form, whereas most of the TN in wetfall occurred in the inorganic form. Sites 
showed no significant differences for W, and differences for DD and DW could be explained 
by characteristics of site location. 
Two sites were tested for differences in long-distance versus local nutrient transport. 
Sites were 3.2 km apart, with a 22 m vertical difference. We found no significant 
differences, indicating long-distance transport for this site may be more important that local 
inputs as a source of nutrients. Annual loading rates for W+DD and W+DW, and average 
concentrations in rainfall were calculated. Temporal trends were made graphically, which 
showed an increase in deposition rates in April, and decreasing rates by November, 
consistent with spring planting and fall harvests which disturb the soil and release nutrients to 
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the atmosphere. These results indicate that atmospheric deposition may be an important 
source of nutrients to water bodies, and should be included in studies of nutrient budgets. 
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GENERAL INTRODUCTION 
Eutrophication of water bodies by nitrogen (N) and phosphorus (P) is a growing 
problem (Heathwaite et al.1996; Smith et al.1999). However, for some lakes and reservoirs, 
P may be more important than nitrogen N, as many studies have shown that phytoplankton 
levels increase as a function of increasing P levels (Sakamoto 1966; Brydges 1971; Dillon 
and Rigler 1974; Bachmann and Jones 1976; Schindler 1977). Iowa, a Midwestern U.S. 
state, is an area of intensive agriculture, and over 91 % of the land is dedicated to agricultural 
practices (Iowa State University 2004). Consequently, Iowa's lakes and reservoirs are 
subject to massive influxes of nutrients from both farming and animal husbandry. The 
Redfield ratio is the ratio of N :P in phytoplankton, which is 16: 1. A study conducted in Iowa 
showed the N to P ratio in 50 Iowa lakes and reservoirs was high (24.2), indicating Pis the 
most probable nutrient limiting phytoplankton growth (Bachmann and Jones 1976). 
Increased P inputs to lakes cause cyanobacterial blooms, which impact recreation, 
ecosystem integrity, and human and animal health (Downing et al. 2001). N is limiting in 
marine and estuarine ecosystems, which also leads to increased frequencies and magnitudes 
of harmful algal blooms (Paerl 1997). These algal blooms can lead to oxygen depletions and 
fish kills, increased cost of water purification, taste and odor problems, and reduction in 
water clarity. Lakes are considered eutrophic when total phosphorus (TP) concentrations 
reach 70 µg L-1, where excess nutrients begin to negatively impact the lake water quality 
(IDNR 2003). Iowa's lakes and reservoirs had average TP concentrations of 72 µg C 1 in 
1974 (Bachman and Jones 1976), which places these lakes into the eutrophic category. 
Recently, the average TP concentration has risen to 105 µg L-1 for 132 lakes in 2002 (IDNR 
2003). More than half these lakes had average TP values of 70 µg L-1, and 17 lakes had 
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average TP values of over 200 µg L-1• These increases occurred even though P fertilizer use 
decreased 17% since 1980 (U.S. EPA 2004). Overapplication of phosphorus fertilizer and 
manure on Iowa cropland, however, has led to phosphorus buildup in soil (Iowa 
Environmental Council 2002). This nutrient source may account for increased P 
concentrations in Iowa's lakes. 
Silica is also a nutrient required for phytoplankton growth. Diatoms require silica for 
growth and maintenance of their siliceous cell walls, or frustules. Treguer and Pondaven 
found that diatoms are important in oceans as a sink for carbon dioxide (2000). In oceans, 
increasing silicate availability favors diatom growth over other non-siliceous phytoplankton. 
The non-siliceous phytoplankton produce carbon dioxide in the production of their shells of 
calcite, and so dominance in oceans of diatoms means a lowering of the flux of carbon 
dioxide from the ocean surface to the atmosphere (Treguer and Pondaven 2000). 
Nutrients can enter lakes through various pathways. Point sources, such as 
wastewater effluent, runoff from agricultural watersheds, and overflows of combined storm 
and sanitary sewers, tend to be continuous. These sources can generally be monitored at a 
single station. Nonpoint sources tend to be more intermittent, and are linked to agricultural 
activity and construction. A nonpoint source of nutrients that has recently increased in 
importance is atmospheric deposition. Studies have found that atmospheric deposition can 
contribute a significant amount of the total nutrient loads to water bodies (e.g., Shaw et al. 
1988; Jassby et al. 1994; Peters and Reese 1995; Chen and Fontaine 1997; Guerzoni et al. 
1999; Downing et al. 2000a; Winter et al. 2002). This nutrient source is broken down to wet 
deposition (rainfall and snowfall) and dry deposition (dry fallout). Nutrients enter the 
atmosphere via volatilization from agriculture and animal waste, wind disturbances of 
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perturbed landscapes, and emissions from urban sources. The deposition of particles from 
the atmosphere occurs through Brownian and molecular diffusion, impaction and 
interception, and sedimentation; these processes are highly size dependent (Ruijgrok et al. 
1995). Precipitation contains nutrients scavenged from in-cloud or below-cloud processes 
(i.e., ammonia; W. Asman, personal communication). 
Sampling devices used in the collection of atmospheric deposition vary, depending on 
the type of deposition to be measured. If researchers are only interested in wet deposition, 
they may set out samplers at the start of a rainfall event, and collect the sample when the 
event is complete. Some researchers are also interested in the dryfall component, and so 
measure bulk deposition (wet + dry) with the use of funnels that are open to the atmosphere, 
and drain into a reservoir. Others may want to distinguish between wet and dry deposition, 
and so use collection devices with two containers that use sensors to detect precipitation 
events to uncover the appropriate container to collect wet or dry deposition. Techniques of 
estimating dry deposition include micro meteorology, surface accumulation, throughfall, 
watershed mass balance, and other inferential techniques (Erisman et al. 1994 ). The surface 
of the collection device for measuring dry deposition varies, depending on the interests of the 
researcher. Gases, such as ammonia and nitrate, can dissolve into water surfaces. Therefore, 
the surface of collection devices is important when collecting dry deposition. 
Atmospheric nutrient deposition not only influences water bodies, but also affects 
plants. Ammonia deposition is seen as especially problematic, and has negative effects on 
plants when deposited in high concentrations. These effects include shifts of plant species to 
more nitrophilic ones (Asman 2002) and subsequent loss of species diversity (Pearson and 
Stewart 1993), damage to trees, acidification of soils via nitrification to nitrate (Pearson and 
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Stewart 1993) and increased susceptibility of plant species to secondary stress factors such as 
drought, frost, and pathogens (Asman 2002). 
Changes in agricultural practices are taking place to reduce nutrient inputs, especially 
for ammonia emissions. Losses of ammonia are highest from animal waste containment and 
application of waste (slurry) to land as fertilizer (Bussink and Oenema 1998). These losses 
can be reduced using several methods. These include direct incorporation of slurry into soil, 
dilution of slurry with water, and covering of slurry containments (Bussink and Oenema 
1998). Other methods include cooling manure to reduce ammonia volatilization (Andersson 
1998), and irrigation after spreading slurry (Malgeryd 1998). 
Monitoring networks are important in characterizing nutrients in space and time, and 
changes in the magnitude of nutrient deposition as management practices adjust to reduce 
nutrient loads to ecosystems. The National Atmospheric Deposition Program (NADP) was 
established in 1978 in response to increasing acidity in precipitation. The Clean Air Status 
and Trends Network (CASTNet) is essentially the same as the NADP, however, this network 
only measures dry deposition. The Atmospheric Integrated Research Monitoring Network 
(AIRMoN) is a network of the NADP, and is made up of wet and dry networks that monitor 
daily deposition. Other programs include the U.S. EPA Great Lakes Air Deposition (GLAD) 
program, the Integrated Atmospheric Deposition Network (IADN), and the Chesapeake Bay 
Program. These networks are essential for determining long-term trends, in order to see the 
larger picture beyond short-term trends and provide data for policy decisions. 
These networks are important; however, their measurement capabilities may only 
represent a portion of the total nutrients deposited. The NADP has only two sites in Iowa to 
characterize N deposition in precipitation. Thus, an examination of finer scale variability 
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might lead to important discoveries in local and regional factors affecting atmospheric 
nutrient deposition to lake ecosystems. The following sections investigate these processes. 
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INTRODUCTION 
Water bodies are subject to influxes of nutrients from farming, animal husbandry, and 
industrial processes. These nutrients (nitrogen ,N; phosphorus, P; and silica, Si) are well 
documented as limiting nutrients to the growth of phytoplankton in water bodies (Johnson 
and Eisenreich 1979; Heathwaite et al. 1996; Smith et al. 1999). Nutrient inputs may come 
in the form of direct inputs from industries, municipalities, and farms, run-off from the 
watershed, contaminated groundwater sources, and atmospheric depositional processes. 
Atmospheric deposition can be broken down to two components: wet and dry deposition. 
Wet deposition occurs from rain and snowfall, and dry deposition from gaseous and 
particulate fallout. 
N, P, and Si have different routes to enter and leave the atmosphere. The main route 
taken by P and Si is via soil disturbance. Particles suspended in the atmosphere are then 
deposited on land and water either through wet or dry deposition. Sources of P that 
contribute to atmospheric deposition include agricultural practices and construction activity, 
the passage of vehicles over unpaved roads, burning, soil erosion, automotive pollution, and 
industrial emissions from phosphate, steel, cement, and lime industries (Graham and Duce 
1979; Redfield 2002). 
The three forms of N (nitrate, ammonia, and organic nitrogen) are deposited via 
different routes. A primary source of nitrate to the atmosphere is gas produced in the 
combustion of fossil fuels (Galloway and Likens 1981). Due to agricultural practices, 
ammonia gas (NH3) and organic N (urea, amino acids) mainly enter the atmosphere via 
volatilization from animal waste (U.S. EPA 2000), losses from the production and 
application of fertilizer, and burning biomass (Schlesinger and Hartley 1992). These sources 
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of N are then scavenged by precipitation or dry deposited on surfaces. NH3 is rapidly 
removed from the air by both wet (due to high water solubility) and dry deposition, and so 
deposition of NH3 is high near point sources (within 1-2 km), and is detectable up to 50 km 
away (Asman et al. 1998; Asman 2002). NH3 is rapidly converted to N~ aerosol, which 
does not deposit well, and is therefore transported over longer distances, up to 500 km and 
beyond (Asman and Van Jaarsveld 1992; Asman personal communication). Wind and 
disturbances, such as planting and tillage, cause particles from fertilizers, which contain both 
N and P, to become airborne. These particles are then deposited by either fallout or washed 
out of the atmosphere by rainfall. Atmospheric N and P are important nutrient sources where 
land disturbances through agricultural activity are extreme (Pearson and Stewart 1993; 
Asman et al. 1998; Ahn and James 2001; Asman 2002; Winter et al. 2002). The Midwest has 
a long history of agricultural activity, so the characterization of atmospheric nutrient 
deposition through space and time is important to the study of contributions of nutrients from 
various input sources to water bodies. 
Owing to historically low levels of P deposition, P has been considered a minor 
constituent in rainfall and dryfall studies (Tabatabai and Laflen 1976; Graham and Duce 
1979; Tabatabai et al. 1981; Peters and Reese 1995; NADP 2001) and so has been ignored in 
many studies of atmospheric nutrient deposition. For most lakes and reservoirs, however, P 
is a more limiting nutrient than N. This has been demonstrated by studies showing that 
phytoplankton levels increase as a function of increasing P levels (Sakamoto 1966; Brydges 
1971; Dillon and Rigler 1974; Bachmann and Jones 1976; Schindler 1977). Results from 
past records of total Pin wet precipitation from several location in the U.S. show 
concentrations ranging from 5 to 19 µg L-1, with deposition ranging from 1000 to 10,000 µg 
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m-2 year-1 (Tabatabai 1983). These levels of P have been considered insignificant when 
compared to other sources of P, such as agricultural runoff. Recent studies suggest, however, 
that atmospheric P deposition may be increasing. Downing et al. (2000a) found that during 
periods of low precipitation, atmospheric P deposition from precipitation contributed up to 
44% of the total P load to Clear Lake in Iowa. This result is echoed by several other analyses 
showing that atmospheric deposition can be a significant source of P (e.g., Shaw et al. 1988; 
Jassby et al. 1994; Peters and Reese 1995; Chen and Fontaine 1997; Guerzoni et al. 1999; 
Downing et al. 2000b; Winter et al. 2002). 
Although data on wet deposition are emerging, dry deposition of nutrients has 
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received little attention, even though several studies have indicated that dry deposition can 
contribute equal or greater amounts of nutrients than wet deposition (Caiazza et al. 1978; 
Eisenreich et al. 1977; Scheider et al. 1979; Shaw et al. 1988; Newman 1995; Asman et al. 
1998; Guerzoni et al. 1999; Ahn and James 2001; Tarnay et al. 2001). Techniques for 
measuring dry deposition are not well established. Because the dominant mechanisms for 
dry deposition are turbulence and surficial properties, there is high variability in 
measurements of dry deposition to different types of surfaces used in collection devices. In 
fact, since atmospheric deposition may be an important source of water quality degradation, 
deposition to a dry surface may have little relevance for nutrient budget calculations 
including atmospheric deposition. 
Two studies have found significantly higher P deposition to wet surfaces than dry 
surfaces (Gomolka 1975; Cole et al. 1990), and another found no significant differences 
(Lewis 1983). A study on nitrate/nitrite deposition found higher deposition rates to a wet 
surface than a dry surface (Peters and Reese 1995). The National Atmospheric Deposition 
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Program (NADP), the primary atmospheric deposition monitoring program in the U.S. 
(http://nadp.sws.uiuc.edu), estimates dry deposition only with a dry, plastic surface. 
Boundary-layer resistance governs depositional velocities, but a dry surface imposes an 
artificially high aerodynamic resistance and lowers deposition rates (Jassby et al. 1994). 
Therefore, to estimate dry deposition to aquatic environments, it seems most relevant to 
estimate the rate of deposition to a wet surface that might better mimic a lake surface. 
A further question of interest is the spatial scale of deposition and transport. It is 
possible that some of the dry deposition may only represent local resuspension of dust so that 
"dry deposition" may only measure local processes on the scale of a few meters. Studies 
comparing TP deposition to lake shorelines and at increasing distances out from the shore on 
the lake surface found significantly greater deposition near the shoreline (Gomolka 1975; 
Cole et al. 1990). This indicates the immediate environment of deposition samplers can 
influence apparent deposition estimates. Contamination is also of concern, although some 
apparent contaminants might reasonably be considered a part of local deposition. A final 
report from the conference on 'Atmospheric Deposition into South Florida: Measuring Net 
Atmospheric Inputs of Nutrients' (SFWMD 1997) recommended that samplers be located to 
heights greater than the standard - 2m to minimize contamination by birds, insects, and 
vegetation. They indicated that this might help to distinguish locally recycled material from 
net system inputs. Contamination has been found to be a problem in many studies (Graham 
and Duce 1979; Cole et al. 1990; Peters and Reese 1995; Ahn and James 2001), and it is not 
generally agreed whether or not to include these local contaminants as part of the 
contribution from the atmosphere. 
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Spatial and temporal variations may have led to uncertainties about the significance 
of atmospheric deposition as a nutrient source. Atmospheric deposition of nutrients varies in 
space, as is shown by maps produced by the NADP. The resolution of such maps is quite 
crude; i.e., there are only 2 monitoring sites in Iowa. Maps produced by Asman et al. (1998) 
in Denmark show great spatial variation in TN deposition. This was attributed to dry 
deposition of NH3, which is deposited close to the source. Nutrient deposition also varies in 
time (Linsey et al. 1986; Shaw et al. 1988). In these studies in central Alberta, Canada, P 
deposition was greatest in May, and decreased throughout the summer. This spike is 
attributed to agricultural processes, which disturb the soil and release P to the air. Ahn and 
James (2001) studied P deposition in less agricultural areas in Florida, and found no such 
temporal trends. 
Problem and Significance 
To date, estimates of atmospheric nutrient inputs to water bodies have been deficient 
in several ways. First, although dry deposition is seldom measured, it may contribute more 
nutrients than wet deposition. Therefore, studies that do not estimate it in nutrient budgets of 
lakes do not accurately characterize total nutrient loads. Second, dry deposition to a wet 
surface may be more relevant to lake studies, as studies indicate a wet surface captures more 
nutrients than a dry surface. Third, there has been little to no recent characterization of 
atmospheric P deposition in highly agricultural regions. The NADP does not monitor P 
deposition because they found that orthophosphate was below detection in 94% of their 
samples (NADP 2001). In addition, few have monitored Si deposition, in spite of its 
important role in the maintenance of healthy planktonic communities. More complete 
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knowledge of nutrient sources to water bodies will allow eutrophication remediation 
programs to more appropriately focus their efforts. 
Objectives 
In this study, our goal was to examine several methods of measuring nutrient 
deposition, and to estimate annual loading of N, P, and Si in a manner relevant to 
understanding their impact on freshwater ecosystems. Our specific objectives were: (1) to 
determine the relative contributions of dry deposition to a dry surface (DD), dry deposition to 
a wet surface (DW), and wet deposition (W) to total deposition; (2) to determine the relative 
importance of the inorganic constituents of TP and TN; (3) to determine differences of short-
versus long-distance transport of nutrients; (4) to characterize the spatial and temporal 
patterns of both wet and dry atmospheric nutrient (N, P, and Si) deposition across a highly 
agricultural landscape; and (5) to calculate the annual nutrient deposition and the average 
nutrient concentrations in rainfall. 
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METHODS 
The overall objective of this study was to characterize wet and dry nutrient 
deposition in Iowa, which is representative of a highly agricultural region (Arbuckle and 
Downing 2001). Deposition samples were initially collected with plastic tubs and funnels at 
one site to gather preliminary data. The study was later expanded to include 12 automated 
samplers at 6 sites across the state. We began collecting samples of varying duration, and 
decided to collect samples every 7 days to be consistent with the NADP. We collected 
nutrients as wet deposition (W), dry deposition to a dry surface (DD), and dry deposition to a 
wet surface (DW). The constituents of interest were soluble reactive phosphorus (SRP), total 
phosphorus (TP), ammonia+ammonium (NHx). nitrate+nitrite (NOx). total nitrogen (TN), and 
soluble reactive silicon as SiOz-Si (Si). 
Preliminary Study 
We began by collecting preliminary data on rates of deposition for dry deposition to a 
dry surface (DD), dry deposition to a wet surface (DW), and precipitation (W). From 
September 2002 to December 2002, plastic tubs (area=0.1237m2) and funnels 
(area=0.0543m2) were used on the roof of a building (24±1 m) on the Iowa State University 
campus to collect dry and wet deposition, respectively. We placed two card tables with holes 
cut to accommodate the plastic tubs and bottles. Each table held two tubs and two funnels, 
the latter of which emptied into 1 L bottles. The two funnels served as duplicates for each 
table, because, as Ahn and James (2001) noted,.the prevalence of contamination by insects 
and other foreign matter requires duplicate samples to ensure the regular collection of usable, 
uncontaminated samples. Two liters of distilled, deionized water were added to one tub, and 
the other tub was left dry to test for differences between dry deposition to a wet surface and 
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dry deposition to a dry surf ace. When a precipitation event began, the tubs were covered and 
the funnels set out. At the end of an event, we collected the tubs and bottles for analysis, and 
set out clean tubs. Some samples had wet and dry deposition separated, but there were 
events where we could not get to the roof in time to cover the dry tub and set out funnels. 
These samples, which contain both dry and wet deposition, are labeled "bulk deposition." 
Collection periods varied from less than a day to three days. We used these data to obtain 
preliminary estimates for differences in dry deposition to a wet and dry surf ace, and for 
differences in magnitude of wet and dry deposition. 
Spatial sampling network 
In December of 2002, we installed an automated sampler (Aerochem Metrics, 
Bushnell, FL; Appendix A (Anderson 2004)) and set it up on a roof of a building on the Iowa 
State University campus (24±1 meters above the ground). This sampler was meant to sample 
ambient deposition, uninfluenced by local transport of dust and material from the ground. In 
the spring of 2002, we established a network of sampling stations across Iowa to characterize 
depositional patterns. This consisted of 11 more automated samplers (LODA electronics, 
Loda, IL; Appendix A (Anderson 2004)), as used by the NADP. Buckets measured 0.0615 
m2 at the bucket opening, and were 35 cm high. Two automated samplers were deployed at 
each of six locations. Five sets of samplers were placed at airports to facilitate rapid 
collection, and the sixth set was deployed on the roof of a laboratory building at Iowa State 
University. Locations were evenly distributed across the state (Figure 1) to reflect 
precipitation patterns, which we obtained from a map created by the Spatial Climate Analysis 
Service of Oregon State University (2000). Table 1 shows sampler numbers and 
corresponding locations. Sampler locations were geocoded (UTM Zone 15 meters NAD83) 
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using a global positioning system (GPS). Sampler placement at each location followed the 
protocols established by the NADP (2001). The only exception to this was the Ames roof site 
which was 24 m from the ground to avoid collecting dust and detritus. The Ames Roof and 
Ames airport sites were set up within 3 km of each other to determine whether local transport 
of particles (i.e., windblown dust) contributes substantially to measured atmospheric 
deposition. 
To avoid contamination, plastic snakes and owls were placed near samplers to deter 
birds from landing on the samplers. All airport sites were placed in grass fields that required 
frequent mowing, so lawn caretakers were instructed to place clean lids on open buckets 
(using nitrile gloves) during lawn care. 
Site and sampler descriptions 
Detailed descriptions of each site are given in Table 2. The Ames Roof site was 
located in the middle of Ames, Iowa, on a roof of a laboratory building at Iowa State 
University. The Ames Airport site (Ames Municipal Airport) was located southeast of 
Ames, Iowa, about 3.2 km, and was surrounded by a mix of com fields and industrial and 
commercial areas. Both the Ames Roof and Ames Airport sites were 40 km south of an area 
with high concentrations of confined animal feeding operations (CAFOs). The Cedar Rapids 
site (Eastern Iowa Airport) in was 9.7 km southwest of the city, and was 10 km north of a 
small CAFO. The airport had com and soybean fields to the north, south, and west, and an 
industrial park to the east. A new airstrip was being built at the time of collection. The Le 
Mars site (Le Mars Municipal Airport) was 3.2 km southwest of the city. This site was 
surrounded by alfalfa fields to the north, east, and south, and a river and com fields to the 
west. Road construction to the east was taking place at the time of collection. The airport 
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was found in an area of moderate CAFOs. The Creston site (Creston Municipal Airport) was 
4.8 km south of the city, and was 15 km north of high-density CAFOs. The airport was 
surrounded by pastureland and corn and soybean fields, and there were chicken houses 
located 1.6 km southeast of the airport. The Mason City site (Mason City Municipal Airport) 
was 50-60 km northeast of an area with high concentrations of CAFOs, and was surrounded 
by corn and soybean fields. The airport was 8 km west of Mason City, and 4.8 km east of 
Clear Lake and Interstate 35. 
The automated sampler consisted of two buckets on an elevated table with a 
moveable cover that shifted back and forth over the buckets (Figure 2), depending on rainfall. 
Movement of the cover was initiated by a moisture sensor, which operated on a switch to 
change the position of the cover when activated. During dry periods, the cover shielded the 
wet-deposition bucket, and when activated by moisture (rain or snow), the cover moved to 
shield the dry deposition bucket and exposed the wet deposition bucket for collection. The 
sensor was equipped with a small heating element, which quickly dried the sensor at the end 
of an event and enabled covering of the wet deposition bucket. Sampler 1, which was 
constructed by Aerochem Metrics, differed from samplers 2-12 in that the height of the 
bucket above the table was 33.5cm, as compared to 35cm for the others which were 
constructed by LODA electronics. The samplers were powered with 5-watt or 15-watt solar 
panels that charged deep-cycle marine batteries. 
Sample collection 
Samples were collected at the Ames Roof site from January 28 2003 to Jan 5 2004, 
and June 17 2003 to Jan 5 2004 at the Ames Airport site. We collected samples at all 
locations from July 1 to September 30 2003. Samples were collected weekly from each 
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location unless otherwise indicated. NADP-established collection guidelines were followed 
by collecting samples at approximately 9:00am on Tuesdays for the Ames Roof and Ames 
Airport sites. Samples at Le Mars and Mason City were collected on Mondays, and Cedar 
Rapids and Creston on Tuesdays, weather permitting. 
Upon collection, operators would cover the buckets tightly with lids. Operators took 
notes on condition of sample, checked battery levels, cleaned solar panels, and made sure the 
samplers were functioning properly. Buckets were replaced with clean ones, and to 
determine DW and DD, one dry-deposition bucket was pre-loaded with 3 L of distilled, 
deionized water, while the other dry-deposition bucket was left dry. Samples were brought 
back to the lab for processing. 
Sample processing and analysis 
The tubs, funnels, bottles, buckets, and all equipment in contact with the samples 
were cleaned with phosphorus-free detergent, acid-washed with 10% HCl solution, and kept 
in plastic bags until they were ready to be used for collection and processing. Operators 
wore nitrile gloves to avoid contamination of samples. All distilled, deionized water added 
to samples were labeled with batch numbers. A minimum of one sample from each batch 
(labeled LC for "lab control" along with corresponding batch number) was analyzed for 
nutrients along with the deposition samples to insure batch integrity. 
From July through November, we observed algal growth in DW samples. Since 
analyzing samples containing algae would increase nutrient loads, these samples were 
filtered. All other contaminated samples were removed from analysis. Contaminated 
samples were determined as the following: missamples (DD buckets with rain water), bulk 
deposition samples (wet+ dry deposition, usually due to sampler malfunction), samples with 
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contaminants (dead insects, bird droppings, excessive algal growth in concert with another 
contaminant) and samples that were collected longer than a week (usually due to unfavorable 
flying conditions). We used only data from filtered and non-contaminated samples for all 
deposition calculations and concentration data. 
In the lab, we added 1 L of distilled, deionized water to the DD buckets. Small 
brushes were used to scrub the sides of the DD and DW buckets, then the water swirled 
several times to ensure that the contents and particles were removed. Beginning in July, if 
there were visible algae or other organic matter in the DW buckets, we used a clean, pre-
weighed 45 µm Whatman filter to remove particles from the sample. Samples were filtered, 
and then dried at 60°C for 1 hour. Samples were placed in a muffle furnace for 30 minutes at 
550°C to bum off organic matter, and then reweighed to determine the amount of organic 
matter in the sample. For W buckets, we only swirled the water, and did not use brushes. W 
buckets were processed like DD buckets if there was no precipitation. We used all W bucket 
data in calculations of deposition rates, even if there was no precipitation, in case there was a 
small event that evaporated. For both DW and W samples, if sample volume was below 400 
mL, we added distilled, deionized water to bring the minimal required analytical volume of 1 
L. All concentration data were adjusted after analysis to reflect this dilution. 
Same-day analyses of SRP, TP, and NHx were conducted. Within 2 days of 
collection, NOx, TN, and Si were measured. All analyses were performed on an Agilent 8453 
Spectrophotometer (Appendix A; Anderson 2004) with HP UV-Chemstations Software. 
NOx and TN were analyzed using second derivative spectroscopy (Crumpton et al. 1992), 
and Si using the silicomolybdate/heteropoly blue method (American Public Health 
Association 1998). NHx (Nessler method), and both TP and SRP (ascorbic acid method, with 
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persulfate digestion) were performed according to Standard Methods (American Public 
Health Association 1998). Quality assurance/quality control procedures were routinely 
employed; calibration standards and blanks were run with each set of samples. Phosphorus, 
nitrogen, and silica samples were run in triplicate, with samples rerun if the level of 
replication was not within 20%. 
Calculations and statistical methods 
Atmospheric nutrient loading rates (µg or mg m-2 d-1) were calculated from the 
concentration of nutrient in the sample (µg or mg L-1) and multiplied by the amount of 
sample (L) to give µg or mg of nutrient deposited. Detailed calculations are found in 
Anderson (2004; Appendix B). If distilled, deionized water was added to a sample, we 
deleted any amount of all analytes in the distilled, deionized water from the sample. 
Deposition rates were adjusted to unit area and time by dividing deposition by the surface 
area of the sampler (m2) and the time period the sample represented (d). 
Comparisons among types of deposition measures (DD, DW, and W) for all analytes 
were made using the Wilcoxon signed-rank test (Ramsey and Schafer 2002). Data from all 
sites for July to September 2003 were combined for each deposition measure. Ratios were 
calculated of DD:DW, DD:W, and DW:W. We also used the Wilcoxon signed-rank test to 
compare deposition rates at the Ames Roof and Ames Airport sites. 
We plotted a 1: 1 line and a first-order linear model (y=bx +a) with TP versus SRP, 
and TN versus NOx+NHx, to determine the inorganic proportion of TP and TN, respectively, 
in atmospheric deposition. Data were used from the all sites and dates. 
Weekly samples from all sites (except Ames Roof and Ames Airport) were not of the 
same time period, due to the time needed to fly to four of the sites to pick up samples. The 
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majority of each time period for all sites overlaps, however, so we used these data for 
comparisons of site differences. Site comparisons for DD, DW, and W, for all analytes, were 
made using PROC MIXED in SAS software, Version 9.1 of the SAS System for the PC 
(SAS Institute, Cary, NC 2002-2003). Site and date were included as class variables. The 
error used to test these effects was the residual error, which in this case was the interaction 
between site and date. The errors on all observations were treated as independent, because 
correlation of errors for the repeated measurements on the same site would have been 
confounded with the site effect. When running the model on the data, there appeared to be a 
trend of increasing variance of residuals as the predicted values increased. To remove this 
trend, we used a log transformation for the variables. Since there were many zeroes, we 
added constants (either 1, 0.1, or 0.01) to the quantity before applying a log transformation. 
The quantities were chosen so that they were roughly the same order of magnitude as the 
lowest-non-zero observations. We used the Tukey-Kramer adjusted p-values (2-sided) for 
comparing the means of two sites. We also back-calculated the means and standard errors 
from the log-transformed data to estimate geometric means and 95% confidence intervals for 
all sites, for W, DW, and DD. We deleted constants added during the log transformation 
from these statistics. Significance for all statistical analyses was accepted at a=0.05. 
Correlation matrices were created for all sites and analytes. Correlation coefficients of 
deposition among sites and dates were calculated to determine the degree of temporal 
synchrony in deposition rates. 
Annual deposition from the Ames Roof site was initially calculated by summing W 
and DD weekly deposition estimates, and interpolating the few missing weeks of data. We 
had a full year of data for DD and W, but only six months for DW, which would be more 
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relevant than DD as an estimate of annual dry deposition to a lake surface. To remedy this, 
we used ratios of DD:DW to extrapolate DD values to DW for all analytes. DW was not 
measured because for the first six months in 2003, we only had one sampler. All annual 
estimates are missing three weeks of data in January 2003 due to power source issues for the 
automated sampler. Dry deposition during the winter, however, is low, and there was no 
precipitation in January (NOAA 2003), so this missing fraction would not change annual 
estimates by a significant amount. All graphs do not reflect interpolated or extrapolated data. 
Geometric means and 95% confidence intervals of concentrations in precipitation 
were calculated using the same method as site analysis above. 
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RESULTS 
Wet concentration data, and wet and dry deposition data (for all sites, dates, and 
deposition types in 2003) are given in Appendices C-E of Anderson (2004). 
Comparisons among types of deposition 
Preliminary data regarding DD and DW in 2002 is shown in Table 3. These data 
indicated that dry deposition to a wet surface was significantly greater than dry deposition to 
a dry surface for ammonia, total nitrogen, soluble reactive phosphorus, and total phosphorus. 
We calculated differences in DD vs. DW, DD vs. W, and DW vs. W by pooling data 
from each week of collection (July to September 2003) at all sites for each analyte. We then 
tested for significance with the Z-statistic of the Wilcoxon signed-rank test. We first 
calculated means, medians and standard errors for each deposition type (Table 4), and then 
calculated and tested differences in pairs (Table 5). Dry deposition types differed for TP, 
NHx, and TN. DW was slightly lower than DD for TP, and DW was substantially higher 
than DD for NHx and TN. Dry deposition types differed from W for all analytes except Si. 
Dry deposition of P was several times higher than that of W. Wet deposition of NOx was 
higher than both dry deposition measures. Wet deposition and DW were substantially higher 
than DD for NHx and TN. Ratios of DD:DW, DD:W, and DW:W were also calculated 
(Table 6), which gave similar results (rank of DD, DW, and W) as the Wilcoxon signed-rank 
test. 
Proportion of dissolved inorganic nutrients 
We plotted TP versus SRP (Figure 3), and TN versus NOx+NHx (Figure 4). The 
analyses indicate that 41 % of TP is SRP when considering all deposition types. 
Approximately 32% of the TP in DD occurs as SRP, while 62% of the TP in DW occurs as 
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SRP, and only 7% of the TP in wet deposition occurs as SRP. From a linear fit in Figure 4, 
most or all of the TN occurs as NOx+NHx when considering all deposition types, while 55% 
of the TN in DD occurs as NOx+NHx, 79% of the TN in DW occurs as NOx+NHx, and most 
or all of TN in wet deposition occurs as NOx+NHx. 
Local versus long-distance transport 
Comparison of the Ames Roof site (24 m elevation) with the Ames Airport site (2 m 
elevation) was meant to give an estimate of the importance of local aeolian transport of 
ground dust into deposition samplers. We plotted the data for all analytes from the Ames 
Roof and Ames Airport sites for 2003 (Figures 5-10). Trends are very similar between sites, 
where deposition generally increases in early spring, and decreases by late autumn. The 
Wilcoxon signed-rank test was used to test for differences between these sites for DD, DW, 
and W (Table 7). The samplers closer to the ground (Ames Airport) yielded estimates that 
were significantly higher (p<0.05) than the Ames Roof site only for wet deposition, but for 
all analytes. No between-site differences were seen for dry deposition of any analyte. 
Site Comparison 
Deposition rates (July to September 2003) varied among sample locations (Figures 
11-16). Precipitation data for all sites showed no significant differences. Estimates of dry 
deposition showed few site-to-site differences. The mean for Le Mars NHx for DW was 
significantly higher than Cedar Rapids (p=0.0357). Cedar Rapids Si was significantly higher 
than Ames Roof and Creston for DW (p=0.0276; p=0.0047). Le Mars SRP was significantly 
higher than Ames Airport and Ames Roof for DD (p=0.0074; p=0.0038). Cedar Rapids TP 
and Le Mars TP were significantly higher than Ames Roof for DD (p=0.0078; p=0.001). We 
also back-calculated geometric means and 95% confidence intervals for all sites from the 
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transformed data for W, DW, and DD (Tables 8-10). Correlation matrices were created for 
all sites and analytes (Appendix F; Anderson 2004). An overall summary table showing the 
number of significant (p<0.05) temporal correlations is given in Table 11. Wet deposition 
showed the greatest number of significantly similar sites (16 out of 90 comparisons), and 
each dry deposition type showed 11 significantly similar sites (p<0.05). 
Annual Deposition and W concentrations 
The Ames Roof site is the only site for which we have data for DD and W collected 
throughout an entire year but these data show a consistent trend. The deposition rate of all 
analytes peaked in May but declined across the summer and autumn seasons (Figure 17). 
From these data, we calculated a table of annual estimates of total (dry plus wet) deposition 
(Table 12) by summing weekly estimates and interpolating the few missing weeks of data. 
We also calculated annual estimates for DW plus W, with missing values extrapolated from 
DD using ratios of DD:DW in Table 6. NHx and TN increased dramatically, whereas the 
other analytes showed similar values. Annual deposition rates range from 25,447 to 32,667 
µg m-2 for TP, 772 to 1228 mg m-2 for TN, and 552 to 664 mg m-2 for Si, depending on dry 
deposition type. Table 13 shows the values and ratios of DD:W for annual deposition 
estimates, and Table 14 shows the values and ratios of DW:W for annual deposition 
estimates. Phosphorus dry deposition was higher than W, and Si and NOx wet deposition 
was higher than dry deposition. N dry deposition differed in relation to W. NHx and TN dry 
deposition to a wet surface was higher than W, but DD was not higher than W for either 
analyte. Precipitation concentration statistics (Table 15) were calculated from July-
September 2003 data for each site. Concentration geometric means ranged from 6.39 to 
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11.03 µg L~1 for TP, 0.35 to 0.6 mg L-1 for TN, and 0.23 to 0.59 mg L-1 for Si, depending on 
site. 
Several authors have suggested that nutrients in rainfall "wash out" atmospheric dust 
and that atmospheric moisture does not carry nutrients per se. If this were so, there should be 
negative relationships between the amount of rainfall delivered per unit time and the 
concentrations of nutrients found in precipitation. Figure 18 shows these relationships. 
Regression analyses for all analytes showed significant negative relationships (a<0.05). 
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DISCUSSION 
Comparisons among types of deposition 
The importance of DD and DW varied according to the analyte. Preliminary data 
(Table 3) suggested DW would capture more nutrients than DD, and may be one to two 
orders of magnitude higher for some analytes. However, there was no difference between 
dry deposition types for SRP, unlike the results of Jassby et al. (1994), who found greater 
deposition to a wet surface. DD was significantly higher than DW for TP, which was 
surprising because Cole et al. (1990) and Gomolka (1975) found more dry deposition ofTP 
to a wet surface than to a dry surface. The ratios of DD:DW (Table 6) differ depending on 
the analyte, but show the greatest difference for NHx and TN deposition (DW>DD). NH3 
dry-deposits up to 50 km away from the source (Asman 2002); all sites were well within this 
boundary to NH3-releasing sources. There were marginally significant differences in NOx 
deposition between DD and DW (DD>DW), unlike Peters and Reese (1995) and Jassby et al. 
(1994) who found higher NOx dry deposition to a wet surface. Peters and Reese (1995) 
explain that highly soluble gaseous forms of NOx (such as HN03) may diffuse into a wet 
surf ace, thus yielding higher deposition. 
Our data indicate that dry deposition can be as important or more important than wet 
deposition, especially for P, NHx, and TN (Table 6). Both dry deposition types were 
significantly greater than W for phosphorus. Several studies support the finding that D>W 
for P (Kleusener 1972; Eisenreich et al. 1977; Cole et al. 1990; Jassby et al. 1994; Guerzoni 
et al. 1999; Ahn and James 2001), as P deposition originates from soil and does not become 
incorporated into rainfall to a great degree. This means that nutrient budgets calculated using 
wet deposition, alone, will greatly underestimate total deposition of nutrients to lakes. Wet 
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deposition for NOx was significantly greater than both dry deposition types, unlike Kleusener 
(1972) who found similar deposition rates for wet and dry deposition in central Wisconsin. 
Our data suggest that wetfall may be a more important source of NOx than dry deposition. 
Asman et al. ( 1998) and Asman (2002) indicated that most NHx in the form of NH3 is 
deposited within 50 m, NH/ travels farther from the source, and almost all NHx is deposited 
within lOOOkm of the source. All sites we sampled were well within lOOOkm of ammonia 
sources, and being that NH3 is highly water soluble, we expected DW to be much higher than 
DD. NHx and TN indeed showed DW>W>DD, with all differences being significant. 
Silica showed no differences among deposition types; no literature was found that 
compared wet and dry deposition of silica. 
Proportion of dissolved inorganic nutrients 
The inorganic content of TP and TN differed for dry and wet deposition. We found 
that phosphorus in wet deposition was principally in either the particulate or organic form 
since only 7% appeared as SRP (Figure 3). Peters and Reese (1995) also found similar 
results in central Alberta, Canada, where SRP was 15% of TP deposition. On the other hand, 
Jassby et al. (1994) found SRP constituted 44% of TP wet deposition near Lake Tahoe 
(California-Nevada, USA). The phosphorus dry-deposited to a wet surface was 
predominantly in the soluble reactive form (62%), similar to results obtained by Peters and 
Reese (1995; SRP was 75% of P deposition) and Jassby et al. (1994; SRP was 47% ofTP 
deposition). Phosphorus dry-deposited to a dry surface was intermediate in inorganic content 
between W and DW deposition. Peters and Reese (1995) suggest P in dry deposition may be 
more readily available to biota than wet deposition. Thus, P in dry deposition to lakes should 
receive more emphasis in lake nutrient budgets because it is more abundant than rainfall P 
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and is apparently readily assimiable. Most of the N deposited as wet or dry deposition 
occurred as NOx+NHx (Figure 4). In comparison, Jassby et al. (1994) found dissolved 
inorganic nitrogen (DIN) was 76% of TN in wet deposition, and only 24% of TN in dry 
deposition to a dry surface. Although their results concerning wet deposition are similar to 
ours, inorganic N was a greater fraction of dry-deposited N. This may be due to differences 
in nutrient sources between the regions under study. The most likely potential source of N 
deposition in our study would be CAFOs and agriculture. The Jassby et al. (1994) study was 
performed at Lake Tahoe (California-Nevada, USA), that receives most of its nutrient from 
long-range transport from urban sources (Jassby et al. 1994). The atomic ratio of NHx:NOx 
in wet deposition was 5. 7 for all sites and dates, much greater than the ratio of 1.1 found by 
Tabatabai and Laflen (1976) in the same region. This may indicate that NHx is increasing in 
importance-over NOx for total N deposition. This is certainly plausible since the principal 
nutrient fertilizer has recently shifted from NH~03 to NH3 (Turner and Rabalais 1991; 
Follett 1995). 
Local versus long-distance transport 
The source of nutrient is also an important question. We sampled at two sites of 
different heights to determine if we could detect a short-range dust-transport signal in the 
data (Figures 5-10). Local transport does not appear to be important to estimates of 
atmospheric deposition. The Ames Airport site showed significantly higher apparent 
deposition rates than the Ames Roof site for W, for all analytes. The signed-rank test, 
however, is not sensitive to the size of the differences, which is reflected in the results of site 
comparisons (no differences in Ames Roof and Ames Airport for all deposition types and 
analytes). There were no differences in DD and DW between the sites for any analyte. 
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Deposition at these sites were significantly correlated (p<0.05) for both DD and W for N and 
Si, and for wet deposition for P (Appendix F; Anderson 2004). This supports the concept 
that deposition may show regional continuity, at least at the scale of a few km, for Wand 
DD. Sites with higher levels of disturbance may have higher levels of local dust transport 
than we observed here, however. An alternate explanation may be that the Ames Roof site 
was not high enough to differentiate between the local signal and the regional signal. DW 
was more variable between Ames Roof and Ames Airport for all analytes, with no significant 
correlations (Appendix F; Anderson 2004). This may be due to characteristics of sampler 
locations. 
Site Comparison 
Wet deposition appears to show large-scale continuity whereas dry deposition may be 
more influenced by local landscapes. Our data on wet deposition for all sites and analytes 
indicates few differences among sites. Another wet deposition study in Iowa found no site-
to-site differences in the deposition ofN~and N03 (Tabatabai and Laflen 1976). There 
were, however, some differences between estimates of DD and DW among sites. Many 
studies concur with our data on the geographic variability of dry deposition. For example, 
the dry deposition to a wet surface of NHx at Le Mars was significantly greater than 
deposition at the Cedar Rapids site. This may be due to the relative proximity of the Le Mars 
site to CAFO's. Si deposition to a wet surface was significantly greater at the Cedar Rapids 
site than at the Ames Roof or Creston sites. The silica deposition at the Cedar Rapids site 
may be due to the dust raised in construction at the Cedar Rapids site. Le Mars SRP was 
significantly higher than Ames Airport and Ames Roof for DD, which we attributed to two 
spikes in the data for Le Mars. Cedar Rapids and Le Mars TP were significantly higher than 
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Ames Roof for DD, which may be attributed to construction and proximity to CAFOs, 
respectively. 
In view of these differences, we ran correlation matrices of all analytes and sites, and 
found for DD and DW, some sites were significantly positively correlated (Table 11). These 
similarities were only seen for one or two analytes, however, and are probably due to chance 
or similar local processes during this short time period. Significant correlations at sites for 
more than two analytes were seen for wet deposition, as wet deposition is generally driven by 
regional processes. Creston and Le Mars are separated by 352 km, and yet were significantly 
correlated for all analytes except NOx. The Ames Roof site and the Ames Airport site were 
significantly correlated for all analytes. This is important because the close correlations 
between samplers separated by significant distances suggests that data collected at one place 
can be extrapolated to drawing conclusions on a greater scale. In contrast, Hendry et al. 
(1981) found site differences in Florida were based on site characteristics; high P deposition 
rates were found near agricultural areas and phosphate mines, and low P deposition rates 
were found near coastal and forested regions. Iowa is a highly agricultural region of the 
country, however, so few site-to-site differences were expected. 
Annual Deposition and W concentrations 
Annual rates of deposition for various analytes show similar trends. Most analytes 
showed a seasonal pattern of higher deposition rates in spring through fall, and low 
deposition rates in winter. Phosphorus deposition was dominated by dryfall; deposition was 
maximal in the spring and tapered off through the summer (Figure 17). Both dry and wet P 
deposition declined to low, similar values in winter. Nitrogen deposition is dominated by 
wet deposition, with high rates in early spring, and sporadic peaks throughout the summer. 
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Dry and wet N deposition also decline to low, similar values in winter (Figure 17). 
According to ratios of DW to W deposition (Table 14), if we had collected annual data for 
dry N deposition to a wet surface instead of extrapolating data from DD, annual trends may 
be similar in magnitude to precipitation trends for NHx and TN. Trends in wet and dry 
deposition of Si seem to track each other with one notable departure in mid-summer (Figure 
17). Dry deposition of P is greater than W deposition from spring through autumn (Figure 
17) although dry and wet deposition of P decline to similar, low values in winter. 
These annual trends agree with those seen by Delumyea and Petel (1978), Scheider et 
al. (1979), Linsey et al (1986), and Shaw et al. (1988), where deposition increased in early 
summer and decreased over the remainder of the summer. These studies also attribute this 
trend to agricultural processes. In Iowa, in 2003, planting of maize began on April 13, was 
50% planted by May 4 (USDA/NASS 2004), and was complete by mid-June. Planting of 
soybeans began May 4, was 50% planted by May 22, and complete by mid-June. Harvest 
began in September and was complete by November 23. These events coincide with the 
peak deposition rates for all analytes in our study. 
Significant variability has been observed in studies of atmospheric P deposition; our 
data were in the range of observed values. As we are interested in atmospheric deposition to 
lakes, estimates of dry deposition are more relevant if we use DW + W as annual deposition 
estimates. All annual deposition estimates I could find, however, used DD+ W or only W as 
an annual estimate of nutrient deposition. Henceforth, we will use interpolated DD+W 
estimates to compare annual deposition to other studies, unless otherwise indicated. In a 
review of studies on TP deposition, inputs were estimated between 7,000 to 1,700,000 µg m-2 
yeaf 1 for total deposition to funnels with horizontal orifices (Newman 1995). In our study, 
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TP deposition was 32,667 µg m-2 year-I, well within the range given by Newman (1995). 
However, Newman states that the majority of these studies show P inputs in the range of 
10,000-l ,000,000 µg m-2 year-I, and any source that provides much less than 10,000 µg m-2 
year-1 is of little significance (1995). Ahn and James (2001) gave TP deposition rates (mean 
and standard deviation) of 41,000±33,000 µg m-2 year-I to South Florida, similar to our 
estimates of TP. Another study in Florida (Hendry et al. 1981) gave annual deposition rates 
of 24,000-96,000 µg m-2 year-I for four sites with a large dryfall component; variability 
stemmed from site characteristics. Deposition to Lake Michigan was 29,130 µg m-2 year-I in 
1975-1976, and exhibited a large dryfall component (Eisenreich et al. 1977). TP deposition 
to Narrow Lake in Central Alberta averaged 20,000 µg m-2 year-1 between 1983 and 1986 
(Shaw et al. 1988). TP deposition to Lake Simcoe in Ontario (averaged from 1995-1998) 
was 56,000 µg m-2 year-1 (Winter et al. 2002). This lake is surrounded in part by agricultural 
and urban areas, which contribute greatly to atmospheric P deposition. Past data in Iowa 
showed values of 32,000 µg m-2 year-1 for TP (Jones 1974); however, this is only for W 
deposition. This value would be much higher if it included the dryfall component. Other 
studies for which only annual wet deposition was calculated include Munger (1982), who 
gave annual deposition of TP of 9200-15,000 µg m-2 year-I for north central Minnesota, and 
Murphy and Doskey (1976), who gave annual deposition ofTP of 17,229 µg m-2 year-1 for 
Lake Michigan. 
Ranges of annual N deposition in other studies were less variable than for those of P 
deposition. We compared NOx and NHx annual wet deposition data for 2003 in Iowa from 
the NADP to our data. Estimates were similar for NHx (390,000-450,000 versus 431,327 µg 
m-2 year-1), but their NOx estimates are more than double our estimates (700-900 versus 259 
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mg m-2 year-I). N03 deposition in Wisconsin (Andraski and Bundy 1990) varied according 
to geographic location; values of 420 mg N03-N m-2 year-I were found in the northwest and 
840 mg N03-N m-2 year-I in the south. N"4-N did not show this spatial variation, and the 
state average was 870,000 µg m-2 year-I, twice as high as our values. The majority of 
Wisconsin's point sources for NOx emissions are found in the southeastern half of the state 
(WDNR 1983), which explains the high annual deposition rates in the south. In addition, all 
sites were located in "important agricultural areas" (Andraski and Bundy 1990), which may 
explain the high N"4 values. Hendry et al. ( 1981) reported annual deposition of TN of 770-
1130 mg m-2 year-I, with a great wetfall component, and was similar to values found in our 
study. Shaw et al. (1989) report average TN deposition (1983-1986) in central Alberta, 
Canada of 424 mg m-2 year-I, which is lower than our values but can be attributed to 
differences in study locations (boreal forest versus agricultural landscape). TN deposition to 
Lake Simcoe in Ontario (averaged from 1995-1998) was 920 mg m-2 year-I (Winter et al. 
2002), similar to our study. However, some samples were left in the field for a month before 
collection. Sisterton et al. ( 1985) found significantly lower values in event samples of NH4 
compared to weekly samples, so samples collected after one month may be quite biased. 
Past data,in Iowa showed NH3+N03 deposition as 830 mg m-2 year-I (Jones 1974), but this 
does not include the organic fraction of TN; again, as for TP deposition, this estimate was 
only for W deposition. Thus, it appears that landscape level traits lead to variability in the 
deposition of N. 
N deposition is not as important as P for lakes in the Midwest, as most lakes are P-
limited; however, the opposite is true for estuarine, coastal, and oceanic waters (Paerl 1997). 
A review of estimates of inorganic N atmospheric deposition to the North Atlantic and 
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coastal regions gave a range of 513-1796 mg m-2 year-1 (Paerl and Whitall 1999). In many of 
these regions, atmospheric deposition is the single most important source of N (Paerl 1999). 
N deposition not only has adverse effects on water bodies, but also on plants. A review of 
NHx deposition in the United Kingdom gave deposition rates of 1500-2000 mg m-2 year-1 
(Pearson and Stewart 1993), which are 3-4 times higher than our values. These values are 
attributed to intensive agriculture, and have resulted in serious diebacks of forests and 
decreases in plant species (Pearson and Stewart 1993). 
Few studies were found to compare with our Si data. Annual silica deposition was 
632 mg m-2 year-1, which is comparable to current annual deposition for the Great Lakes. 
Past data show lower deposition rates; Lake Superior, the least impacted Great Lake, 
received 316.69 mg m-2 year-1 (Johnson and Eisenreich 1977), and Lake Michigan received 
137.7 mg m-2 year-1 (Eisenreich et al. 1977). Current data show Lake Michigan received 362 
mg Si m-2 year-1 in urban areas from dry deposition alone (Holsen et al. 1993). Diatom 
phytoplankton, which require silica for growth, are important components of the biological 
community and food web and are sensitive to changes in water quality. Diatom 
phytoplankton in lakes require Si and DIN in a minimum atomic (molar) ratio of 1:1, and are 
replaced by harmful algae if Si is low in relation to DIN (Officer and Ryther 1980). Annual 
atmospheric deposition ofDW+W in our study would not support diatom growth, as the 
atomic ratio of Si:DIN is 1:3, and may contribute to harmful algal blooms. 
We compared our concentration data (July to September 2003) to other studies, and 
found much variation. There were no differences in concentrations among our sites for all 
analytes upon visual inspection of Table 15. Chan and Kuntz (1982) collected rainfall near 
Lake Ontario (Canadian shore) for 9 years ( 1969-1978), and found annual averages of 20 to 
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over 300 µg L-1 for TP. These averages are much higher than our geometric means (6.4 to 
12.1), as are their values for NOx and Si (1 to over 2.5 mg L-1, and 0.2-3 mg L-1, 
respectively). Our NOx means did not even reach 1 mg L-1• We compared our data to the 
NADP's 2003 data for two sites in Iowa. The NADP's N03 and NI4 volume-weighted 
means are higher than our geometric means (l.1-1.2 mg L-1 versus0.22-0.31 mg L-1, and 
490-600 µg L-1 versus 104-400 µg L-1, respectively); however, their values for NHx are 
encompassed by our 95% confidence intervals. Peters and Reese (1995) collected rainfall 
from May-June 1992, and found higher SRP and TP concentrations than our data (10±16 
versus 0.9-3.3 µg L-1, and 52±69 versus 6.4-12.1 µg L-1, respectively). However, their NOx 
data are very similar to ours (0.30±0.17 mg L-1 versus 0.22-0.31 mg L-1). Our concentrations 
were averaged from July-September 2003, whereas Peters and Reese (1995) only used data 
from May-June 1992. Our annual plots of wet deposition for SRP and TP deposition show 
increased rates during the summer months, so we compared our May-June Ames Roof 
concentration data with Peters and Reese's data. We found our concentrations were still 
lower in rainfall. Peters and Reese (1995) collected data in Florida, which receives P 
aerosols from the ocean in addition to pollution from fertilizer application, which may 
explain their higher P concentrations. Figure 18 shows that as rainfall increases, nutrient 
concentrations in rainfall decrease. This supports the washout effect of rainfall; similar 
results are seen in Shaw et al. (1989), Andraski and Bundy (1990), and Gomolka (1975). 
Contamination 
Contamination is a problem in deposition studies, because it is not generally agreed 
upon whether or not to include contamination as a source of nutrient deposition. 
Contamination in deposition studies may be viewed as local internal recycling (Ahn and 
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James 2001), because birds and insects use and excrete nutrients on land; however, these 
sources of contamination are not recycled in a lake system, and are not part of the true 
atmospheric deposition signal. Algal growth, insects, and bird droppings were the main 
sources of contamination in this study. Algae in our samples were identified as 
Chlamydomonas, and are known to frequent rain barrels and watering troughs (Prescott 
1954). Samples contaminated with dead insects and bird droppings were not used in 
subsequent analyses; however, samples with only algal growth were filtered to remove this 
source of added nutrients. Comparisons of four sets of unfiltered and filtered data show 
small decreases in SRP (6.3 µg m-2 dai\ NHx (146.98 µg m-2 dai\ and NOx (0.02 mg m-2 
dai1), and appreciable decreases in TP (67.9 µg m-2 day-1), TN (0.71 mg m-2 dai1), and Si 
(0.99 mg m-2 dai1). Studies that incorporate contaminated data into their results will have 
nutrient deposition estimates that are biased high for these analytes. This may explain some 
of the high values found in reviews of atmospheric deposition. If deposition is included in 
studies of nutrient sources to lakes, we feel contaminated samples should not be included. 
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SUMMARY 
Many studies have indicated that atmospheric deposition can be an important 
component to the nutrient budget of a lake. Our data of interpolated annual estimates of 
DW+W can be combined with a study conducted by Downing et al. (2000a) on Clear Lake in 
north-central Iowa to roughly determine nutrient inputs from atmospheric sources. They 
collected data on nutrient inputs from urban storm drains, a large marsh, tributaries entering 
the lake, and groundwater sources. These data span two one-year collection periods, from 
August 1998 to July 1999 (Year One) and August 1999 to July 2000 (Year Two). Year One 
was a comparatively wet year, with 123.5 cm of rainfall, and Year Two was comparatively 
dry, with 71.4 cm of rainfall. Rainfall in Ames was 75.5 cm during our study. If we include 
our estimates of annual deposition of TP and TN to Year One inputs, atmospheric deposition 
would contribute 7.4 and 16.1% of the total nutrient load, respectively. Atmospheric 
deposition would contribute a greater proportion of total nutrients in a drier year, as seen 
when we include our estimates with Year Two, where TP and TN from atmospheric 
deposition would contribute 13. 7 and 41.6% of the total nutrient load. As precipitation 
conditions in Year Two are more similar to the year of our study, we would expect 
atmospheric deposition to contribute a significant amount of nutrients if included in nutrient 
budgets during 2003. 
Our findings indicate that deposition is likely a significant source of nutrients to 
lakes. In addition, the N:P ratio in total atmospheric deposition for this study was 90:1, 
which has increased from 24.2: 1 in the mid-1970' s. A lake is considered healthy with an 
N :P ratio of 16: 1, so nutrients from the atmosphere are contributing to phosphorus limitation 
in lakes. 
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Dry deposition of P represents the bulk of seasonal deposition and the most important 
fraction of total deposition annually. Wet deposition and dry deposition to a wet surface of N 
are approximately equal for annual deposition rates. Thus, it is essential to measure dry 
deposition using appropriate methods (deposition to a wet surface) when estimating nutrient 
budgets. Atmospheric nutrient deposition is seasonal and related to tillage practices in 
agricultural areas. Remediation of nutrient enrichment problems resulting from atmospheric 
deposition should therefore focus on tilling methods that limit the amount of dust and 
particulate nutrient suspension and the temporal extent of exposed soil. Dry deposited 
nutrients appear to be driven by local disturbances, and extrapolation to large areas should be 
done only when adequate sample coverage is achieved. However, nutrient deposition via 
rainfall may be less site-specific and extrapolation to large areas likely requires fewer sample 
locations. Temporal variability indicates that most atmospheric deposition of nutrients 
occurs during the spring of year when soils are tilled prior to planting. Thus, remediation 
efforts that focus on reducing the amount of ground exposed during the spring of the year 
would likely result in more substantial reductions in deposition. 
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TABLES 
Table 1. Sampler number with corresponding locations and GPS coordinates (UTM Zone 15 
meters NAD83). 
Sampler number 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Location 
Ames roof 
Ames roof 
Ames airport 
Ames airport 
Cedar Rapids airport 
Cedar Rapids airport 
Le Mars airport 
Le Mars airport 
Creston airport 
Creston airport 
Mason City airport 
Mason City airport 
GPS coordinates (utm's, NAD 1983) 
N4653310,E446498 
N4653308,E446488 
N4649780,E448261 
N4649788,E448250 
N4638310,E607279 
N4638306,E607283 
N4740831,E238850 
N4740833,E238844 
N4541744,E385568 
N4541739,E385568 
N4778024,E473466 
N4778029,E473464 
Table 2. Descriptions are given for each site. 
Site 
Ames Roof 
Ames Airport 
Cedar Rapids 
Le Mars 
Creston 
Mason City 
aAirNav 2002 
County 
Story 
Story 
Linn 
Plymouth 
Union 
Cerro Gordo 
Population 
of nearest 
city 
50,731 
50,731 
120,758 
9237 
2161 
29,172 
blowa Environmental Council 2004 
cHogs per confinement 
48 
Aircraft 
per daya 
119 
252 
22 
14 
102 
Size of nearest 
hog 
confinementsb 
8000 tO >13,000C 
8000 to >13,000 
<4000 
4000-8000 
8000 to >13,000 
8000 to >13,000 
Average 
rainfall (cm 
per year) 
80-85 
80-85 
85-90 
<70 
85-90 
80-85 
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Table 3. Dry deposition to a dry and wet surface data collected between August and 
November 2002 (n=l6) on a roof of a laboratory building at Iowa State University, Ames, 
IA, USA, with plastic tubs (area=0.1237m2). 
Analyte 
Nitrogen 
NH3+N~-N (µg m-2 dai1) 
Nitrate/nitrite (mg m-2 dai1) 
Total N (mg m-2 dai1) 
Phosphorus 
Soluble Reactive P (µgm-~ day-1) 
Total P (µg m-2 dai1) 
Silica 
Soluble reactive Si(mg m-2 dai1) 
Dryfall Deposition (± 1 standard error) 
To a dry surface: To a wet surface: 
57 .84 (28.06) 
0.28 (0.09) 
0.50 (0.13) 
17.60 (4.61) 
40.90 (5.63) 
0.05 (0.04) 
1736.82 (238.02) 
0.27 (0.10) 
1.31 (0.28) 
31.28(6.3) 
71.28 (17.32) 
0.14 (0.14) 
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Table 4. Sample size, means, medians, and standard errors are given for dry deposition to a 
dry surface (DD), dry deposition to a wet surface (DW), and wet deposition (W) rates for all 
analytes. Statistics were calculated from all sites (July-September 2003). 
Analyte De£osition type n Mean Median Standard Error 
SRP DD 103 32.16 29.74 1.84 
(µg m~2 dai1) DW 79 34.07 24.88 4.36 
w 122 6.22 2.74 1.13 
TP DD 103 82.29 74.76 4.74 
(µg m-2 dai1) DW 79 62.61 53.29 6.35 
w 122 28.16 15.73 3.20 
NHx DD 103 117.29 71.52 17.58 
(µg m-2 dait) DW 79 2101.50 2079.76 132.78 
w 122 1362.88 600.51 161.20 
NOx DD 103 0.36 0.30 0.03 
(mg m-2 dai1) DW 79 0.24 0.20 0.03 
w 122 0.77 0.36 0.09 
TN DD 103 0.62 0.56 0.05 
(mg m-2 dai1) DW 79 1.85 1.70 0.13 
w 122 1.86 0.96 0.23 
Si DD 103 0.89 0.79 0.08 
(mg m-2 dai1) DW 79 0.94 0.57 0.17 
w 122 1.33 0.62 0.18 
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Table 5. Comparisons using the Wilcoxon signed-rank test are given for dry deposition to a 
dry surface (DD), dry deposition to a wet surface (DW), and wet deposition (W) rates, for all 
analytes with associated sample size, Z-statistic, and p-value (two-sided). A"*" after the p-
value indicates a significant difference. Statistics were calculated from all sites (July-
September 2003). 
Analyte Comparison n Z-statistic p-value 
SRP DD-DW 60 0.324 0.749 
(µg m-2 day-I) DD-W 99 8.57 <0.0001* 
DW-W 74 6.096 <0.0001 * 
TP DD-DW 60 2.613 0.009* 
(µg m-2 day-I) DD-W 97 7.634 <0.0001 * 
DW-W 74 4.851 <0.0001 * 
NHx DD-DW 60 -6.74 <0.0001 * 
(µg m-2 daiI) DD-W 91 -6.717 <0.0001* 
DW-W 73 3.807 <0.0001* 
NOx DD-DW 61 1.71 0.0872 
(mg m-2 dai1) DD-W 98 -2.48 0.0132* 
DW-W 72 -3.12 0.0018* 
TN DD-DW 59 -6.197 <0.0001 * 
(mg m-2 day-1) DD-W 93 -4.50 <0.0001 * 
DW-W 73 2.378 0.0174* 
Si DD-DW 60 0.147 0.8808 
(mg m-2 dai1) DD-W 95 -0.449 0.6528 
DW-W 69 -0.882 0.3788 
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Table 6. Ratios are given of comparisons of dry deposition to a dry surface (DD), dry 
deposition to a wet surface (DW), and wet deposition (W) rates from all sites (July-
September 2003). Ratios were the median value of all ratios where DD, DW, and W were 
available from each site/date combination. A"*" after the p-value indicates a significant 
difference, as calculated from the Wilcoxon signed-rank test in Table 5. 
Analyte Comparison Ratio 
SRP DD:DW 1.1 
(µg m-2 day-1) DD:W 9.9* 
DW:W 11.0* 
TP DD:DW 1.1 * 
(µg m-2 day-1) DD:W 3.7* 
DW:W 3.3* 
NHx DD:DW 0.1* 
(µg m-2 dai1) DD:W 0.2* 
DW:W 6.9* 
NOx DD:DW 1.1 
(mg m-2 dai1) DD:W 0.6* 
DW:W 0.6* 
TN DD:DW 0.4* 
(mg m-2 day-1) DD:W 0.6* 
DW:W 1.8* 
Si DD:DW 1.4 
(mg m-2 day-1) DD:W 0.9 
DW:W 0.9 
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Table 7. Comparisons of Ames Roof and Ames Airport (June-December 2003) using the 
Wilcoxon signed-rank test are given for dry deposition to a dry surface (DD), dry deposition 
to a wet surface (DW), and wet deposition (W) rates, for all analytes with associated Z-
statistic and p-value (two-sided). A "*" after the p-value indicates a significant difference. 
Analyte Comparison n Z-statistic p-value 
SRP DDR-DDA 19 -0.080 0.9362 
(µg m-2 day-I) DWR-DWA 21 -0.330 0.7414 
WR-WA 23 -3.802 <0.0002* 
TP DDR-DDA 19 -0.885 0.3734 
(µg m-2 day-I) DWR-DWA 20 1.157 0.2460 
WR-WA 27 -3.219 0.0012* 
NHx DDR-DDA 18 0.501 0.6170 
(µg m-2 daiI) DWR-DWA 21 0.261 0.7948 
WR-WA 27 -2.907 0.0036* 
NOx DDR-DDA 19 0.282 0.7794 
(mg m-2 daiI) DWR-DWA 20 1.904 0.0574 
WR-WA 27 -2.499 0.012* 
TN DDR-DDA 16 -0.362 0.7188 
(mg m-2 daiI) DWR-DWA 20 0.597 0.5486 
WR-WA 26 -2.629 0.0086* 
Si DDR-DDA 18 0.414 0.6818 
(mg m-2 daiI) DWR-DWA 17 1.444 0.1498 
WR-WA 25 -2.704 0.007* 
Table 8. Geometric means and 95% Confidence Intervals (in parentheses) are given for dry deposition rates to a dry surface of six 
analytes over a three-month period (July-September 2003) at six sites in Iowa. This period is representative of the warmest and 
driest part of the summer. Geometric means and confidence intervals were back-calculated from the transformed data used in site 
analysis. 
Site Analyte (Geometric mean and 95% C.I.) 
SRP (µg m-2 TP (µg m-2 NHx (µg m-2 NOx (mg TN (mg m-2 Si (mg m-2 
dai1) dai1).. dai1) m-2 day-1) dai1) daY-1) 
Ames Airport 21.35 66.42 1638.28 0.05 1.03 0.59 
(7.99, 54.60) (28.54, 152.91) (1033.24, 2597.6) (0.02, 0.12) (0.65, 1.65) (0.24, 1.27) 
Ames Roof 9.89 28.93 1704.97 0.06 1 0.56 
(3.66, 24.47) (12.87, 63.61) (1115.62, 2605.64) (0.02, 0.14) (0.63, 1.60) (0.24, 1.15) 
Cedar Rapids 18.44 66.95 870.18 0.05 1.03 3.10 
(5.74, 55.09) (25.03, 176.42) (506.95, 1493.67) (0.02, 0.14) (0.60, 1.77) (l.33, 7.09) 
Creston 16.31 39.76 1123.72 0.06 1.05 0.35 
(5.52, 44.95) (15.84, 97.66) (684.36, 1845.14) (0.02, 0.14) (0.64, 1.73) (0.11, 0.85) 
Le Mars 50.62 106.96 2553.45 0.03 2.13 0.94 
(18.38, 136.48) (43.46, 261.17) (1553.18, 4197.9) (0.01, 0.07) (1.28, 3.51) (0.39, 2.09) 
Mason City 43.69 124.2 1347.63 0.04 0.98 0.67 
(17.1, 109.35) (54.22, 282.86) (853.07, 2128.9) (0.01, 0.11) (0.61, 1.56) (0.29, 1.42) 
Vt 
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Table 9. Geometric means and 95% Confidence Intervals (in parentheses) are given for dry deposition rates to a wet surface of six 
analytes over a three-month period (July-September 2003) at six sites in Iowa. This period is representative of the warmest and 
driest part of the summer. Geometric means and confidence intervals were back-calculated from the transformed data used in site 
analysis. 
Site Analyte (Geometric mean and 95% C.I.) 
SRP (µg m'2 TP (~g m'2 NHx (µg m·2 NOx (mg TN (mg m·2 Si (mg m·2 
day'1) day' ) day'1) m'~day'1 2_ _ day'1L_____ __day'1) 
Ames Airport 3.56 19.43 478 0.36 0.75 0.99 
(1.79, 6.43) (9.47, 38.86) (136.73, 1664.84) (0.14,0.88) (0.26, 2.15) (0.52, 1.82) 
Ames Roof 1.91 14.7 376.78 0.32 0.51 0.69 
(0.79, 3.75) (7.04, 29.63) (107.63, 1312.81) (0.13, 0.79) (0.17, 1.47) (0.35, 1.29) 
Cedar Rapids 2.53 10.51 265 0.21 0.55 0.68 
(1.03, 5.13) (4.41, 23.47) (64.2, 1084.29) (0.08, 0.55) (0.16, 1.8) (0.31, 1.38) 
Creston 2.10 16.39 271.52 0.18 0.51 0.62 
(0.79, 4.39) (7.18, 35.97) (65.79, 1110.87) (0.07,0.48) (0.15, 1.68) (0.28, 1.26) 
Le Mars 6.21 14.72 233.67 0.14 0.59 0.85 
(3.03, 11.91) (6.10, 33.83) (52.29, 1032.43) (0.05,0.37) (0.16, 2.08) (0.38, 1.77) 
Mason City 4.07 18.37 181.87 0.12 0.57 1 
(l.92, 7.8) (7.74, 41.91) (40.53, 804.32) . (0.04,0.32) (0.16, 2) (0.46, 2.06) 
Ul 
Ul 
Table JO. Geometric means and 95% Confidence Intervals (in parentheses) are given for wet deposition rates of six analytes over 
a three-month period (July-September 2003) at six sites in Iowa. This period is representative of the warmest and driest part of the 
summer. Geometric means and confidence intervals were back-calculated from the transformed data used in site analysis. 
Site Analyte (Geometric mean and 95% C.I.) 
SRP (µg m·2 TP (f-g m-2 NHx (µg m-2 NOx (mg TN (mg m·2 Si (mg m-2 
day-1) day" L ~----- d?)(~)~ m-2 day"1) day"1) day"1) 
Ames Airport 3.56 19.43 478 0.36 0.75 0.99 
(l.79, 6.43) (9.47, 38.86) (136.73, 1664.84) (0.14,0.88) (0.26, 2.15) (0.52, 1.82) 
Ames Roof 1.91 14.7 376.78 0.32 0.51 0.69 
(0.79, 3.75) (7.04, 29.63) (107.63, 1312.81) (0.13, 0.79) (0.17, 1.47) (0.35, 1.29) 
Cedar Rapids 2.53 10.51 265 0.21 0.55 0.68 
(1.03, 5.13) (4.41, 23.47) (64.2, 1084.29) (0.08, 0.55) (0.16, 1.8) (0.31, 1.38) 
Creston 2.10 16.39 271.52 0.18 0.51 0.62 
(0. 79, 4.39) (7.18, 35.97) (65.79, 1110.87) (0.07,0.48) (0.15, 1.68) (0.28, 1.26) 
Le Mars 6.21 14.72 233.67 0.14 0.59 0.85 
(3.03, 11.91) (6.10, 33.83) (52.29, 1032.43) (0.05,0.37) (0.16, 2.08) (0.38, 1.77) 
Mason City 4.07 18.37 181.87 0.12 0.57 1 
(1.92, 7.8) . (7.74, 41.91) (40.53, 804.32) (0.04,0.32) (0.16, 2) (0.46, 2.06) 
Vt 
°' 
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Table 11. Summary of number of significant correlations from correlation matrices 
(Appendix F; Anderson 2004) for all sites and deposition types from July to September 2003. 
Analyte DD DW w 
SRP 4 1 4 
TP 2 2 2 
NHx 2 0 3 
NOx 1 2 2 
TN 1 4 2 
Si 1 2 3 
Total 11 11 16 
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Table 12. Estimates are given of annual total deposition (dry deposition to a dry surface plus 
wet deposition; and dry deposition to a wet surface plus wet deposition*) from the Ames 
Roof site for January 28 2003 to January 5 2004 for data with missing values ("Annual 
Estimate"), and data with missing values interpolated from adjacent data ("Interpolated 
Annual Estimate"). 
Analyte Annual Interpolated Annual Interpolated 
Estimate Annual Estimate Estimate Annual Estimate 
(DD+W) (DD+W) (DW+W) (DW+W) 
SRP (µg m-2 year-1) 9420 10,407 7781 9170 
TP (µg m-2 rear-1) 29,964 32,667 25,447 30,192 
NHx (µgm- year-1) 481,188 490,767 1,029,000 1,184,597 
NOx (mg m-2 year-1) 368 387 326 375 
TN (mg m-2 year-1) 772 802 1051 1228 
Si (mg m-2 year-1) 609 632 552 664 
*January to June DW values were extrapolated from DD values using ratios ofDD:DW 
calculated in Table 6. 
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Table 13. Ratios of DD:W are given from the Ames Roof site for January 28 2003 to 
January 5 2004 for data with missing values ("Annual Estimate"), and data with missing 
values interpolated from adjacent data ("Interpolated Annual Estimate"). 
Analyte 
SRP (µg m-2 year-1) 
TP (µg m-2 rear-1) 
NHx (µgm- year-1) 
NOx (mg m-2 year-1) 
TN (mg m-2 year-1) 
Si (mg m-2 year-1) 
Annual Estimate 
DD W 
7895 1518 
21,661 8272 
52,855 428,333 
111 256 
185 586 
209 400 
DD:W 
5.2 
2.6 
0.1 
0.4 
0.3 
0.5 
Interpolated Annual Estimate 
DD W DD:W 
8828 1580 5.6 
24,285 8382 2.9 
59,440 431,327 0.1 
128 259 0.5 
210 593 0.4 
229 403 0.6 
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Table 14. Ratios ofDW*:W are given from the Ames Roof site for January 28 2003 to 
January 5 2004 for data with missing values ("Annual Estimate"), and data with missing 
values interpolated from adjacent data ("Interpolated Annual Estimate"). 
Annual Estimate Interpolated Annual Estimate 
Analyte DW W DW:W DW W DW:W 
SRP (µg m-2 year-1) 6426 1518 4.2 7591 1580 4.8 
TP (µg m-2 rear-1) 18,185 8272 2.2 21,811 8382 2.6 
NHx (µgm- year-1) 668,559 428,333 1.6 753,270 431,327 1.8 
NOx (mg m-2 year-1) 103 256 0.4 116 259 0.5 
TN (mg m-2 year-1) 555 586 1 635 593 1.1 
Si (mg m-2 year-1) 197 400 0.5 261 403 0.7 
*January to June DW values were extrapolated from DD values using ratios of DD:DW 
calculated in Table 6. 
Table 15. Geometric means and 95% Confidence Intervals (in parentheses) are given for rainfall concentrations of six analytes 
over a three-month period (July to September 2003) at six sites in Iowa. This period is representative of the warmest and driest 
part of the summer. Geometric means and confidence intervals were back-calculated from log-transformed data. 
Analyte (Geometric mean and 95% C.I.) 
Site SRP (µg L-ry TP (µg:C 1) NHx (µg L-1) NOx (mg L-1) TN (mg L-1) Sf(mgC1) 
Ames Airport 1.31 8.89 168.45 0.28 0.56 0.42 
0 (0.41, 4.07) (3.59, 21.97) (24.67, 1149.76) (0.15, 0.51) (0.23, 1.31) (0.19, 0.92) 
Ames Roof 0.88 9.40 176.88 0.33 0.48 0.33 
(0.20, 3.68) (3.72, 23.69) (25.61, 1221.13) (0.17, 0.62) (0.19, 1.21) (0.10, 1.06) 
Cedar Rapids 1.05 6.39 134.95 0.33 0.60 0.26 
(0.25, 4.41) (1.12, 36.03) (12.43, 1464.48) (0.15, 0.72) (0.18, 1.91) (0.06, 0.96) 
Creston 1.16 12.09 145.04 0.30 0.44 0.23 
(0.17, 7.40) (4.33, 33.73) (13.86, 1516.65) (0.09, 0.94) (0.10, 1.81) (0.04, 1.13) 
Le Mars 3.29 11.03 399.62 0.31 0.35 0.59 °" ....... 
(0.41, 25.72) (l.80, 67.39) (98.01, 1629.29) (0.09, 0.94) (0.07, 1.55) (0.13, 2.59) 
Mason City 1.07 11.00 103.53 0.22 0.48 0.35 
(0.22, 4.95) (3.39, 35.66) (7.49, 1430.16) (0.08, 0.59) (0.15, 1.54) (0.12, 1.01) 
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FIGURE LEGENDS 
Figure 1. Iowa county map that shows sampling locations, which are distributed to reflect 
precipitation patterns. 
Figure 2. Photo of automated samplers was taken at the Creston airport (bucket 
opening=0.0615m2; table height=lm; bucket height from ground=l.35m). 
Figure 3. Soluble reactive phosphorus is plotted against total phosphorus for all data from 
2003, including all sites. The solid line indicates a 1: 1 line and the dashed line indicates a 
first-order linear model. The paneled figures show: (a) all deposition types (dry deposition to 
a dry surface, dry deposition to a wet surface, and wet deposition), (b) dry deposition to a dry 
surface, (c) dry deposition to a wet surface, and (d) wet deposition. Statistical analysis of the 
fit of the points to linear regression lines (equation and R 2 values; an "*" indicates p<0.001 
for F for mean squares for regression) is included in each panel. 
Figure 4. Nitrate/nitrite and ammonia/ammonium was plotted against total nitrogen for all 
data from 2003, including all sites. The solid line indicates a 1: 1 line and the dashed line 
indicates a first-order linear model. The paneled figures show: (a) all deposition types (dry 
deposition to a dry surface, dry deposition to a wet surface, and wet deposition), (b) dry 
deposition to a dry surface, ( c) dry deposition to a wet surface, and ( d) wet deposition. 
Statistical analysis of the fit of the points to linear regression lines (equation and R2 values; 
an"*" indicates p<0.001 for F for mean squares for regression) is included in each panel. 
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Figure 5. Ames Roof and Ames Airport deposition rates were plotted for soluble reactive 
phosphorus in 2003 for the following deposition types: (a) Dry deposition to a dry surface; 
(b) Dry deposition to a wet surface; and ( c) Wet deposition. 
Figure 6. Ames Roof and Ames Airport deposition rates were plotted for total phosphorus in 
2003 for the following deposition types: (a) Dry deposition to a dry surface; (b) Dry 
deposition to a wet surf ace; and ( c) Wet deposition. 
Figure 7. Ames Roof and Ames Airport deposition rates were plotted for 
ammonia/ammonium in 2003 for the following deposition types: (a) Dry deposition to a dry 
. ', 
surface; (b) Dry deposition to a wet surf ace; and ( c) Wet deposition. 
Figure 8. Ames Roof and Ames Airport deposition rates were plotted for nitrate/nitrite in 
2003 for the following deposition types: (a) Dry deposition to a dry surface; (b) Dry 
deposition to a wet surface; and ( c) Wet deposition. 
Figure 9. Ames Roof and Ames Airport deposition rates were plotted for total nitrogen in 
2003 for the following deposition types: (a) Dry deposition to a dry surface; (b) Dry 
deposition to a wet surface; and (c) Wet deposition. 
Figure 10. Ames Roof and Ames Airport deposition rates were plotted for silica in 2003 for 
the following deposition types: (a) Dry deposition to a dry surface; (b) Dry deposition to a 
wet surface; and ( c) Wet deposition. 
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Figure 11. Soluble reactive phosphorus deposition in 2003 was plotted for Ames Roof, 
Ames Airport, Cedar Rapids, Le Mars, Creston, and Mason City for the following deposition 
types: (a) Dry deposition to a dry surface, (b) Dry deposition to a wet surface, and (c) Wet 
deposition. 
Figure 12. Total phosphorus deposition in 2003 was plotted for Ames Roof, Ames Airport, 
Cedar Rapids, Le Mars, Creston, and Mason City for the following deposition types: (a) Dry 
deposition to a dry surface, (b) Dry deposition to a wet surface, and (c) Wet deposition. 
Figure 13. Ammonia/ammonium deposition in 2003 was plotted for Ames Roof, Ames 
Airport, Cedar Rapids, Le Mars, Creston, and Mason City for the following deposition types: 
(a) Dry deposition to a dry surface, (b) Dry deposition to a wet surface, and (c) Wet 
deposition. 
Figure 14. Nitrate/nitrite deposition in 2003 was plotted for Ames Roof, Ames Airport, 
Cedar Rapids, Le Mars, Creston, and Mason City for the following deposition types: (a) Dry 
deposition to a dry surface, (b) Dry deposition to a wet surface, and ( c) Wet deposition. 
Figure 15. Total nitrogen deposition in 2003 was plotted for Ames Roof, Ames Airport, 
Cedar Rapids, Le Mars, Creston, and Mason City for the following deposition types: (a) Dry 
deposition to a dry surface, (b) Dry deposition to a wet surface, and ( c) Wet deposition. 
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Figure 16. Silica deposition in 2003 was plotted for Ames Roof, Ames Airport, Cedar 
Rapids, Le Mars, Creston, and Mason City for the following deposition types: (a) Dry 
deposition to a dry surface, (b) Dry deposition to a wet surface, and ( c) Wet deposition. 
Figure 17. Ames Roof annual wet deposition and dry deposition to a dry surface (2003) 
were plotted for the following analytes: (a) Soluble reactive phosphorus, (b) Total 
phosphorus, and (c) Ammonia/ammonium, (d) Nitrate/nitrite, (e) Total nitrogen, and (f) 
Silica. 
Figure 18. Washout relationships estimated from rainfall concentration plotted against 
rainfall rates using data from all sites and dates for all analytes. Statistical analysis of the fit 
of the points to linear regression lines (equation and R2 values; an"*" indicates p<0.001 for 
F for mean squares for regression) is included in each panel. 
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FIGURES 
Figure 1. 
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Figure 2. 
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Figure 4. 
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Figure 5. 
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Figure 8. 
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Figure 9. 
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Figure 14. 
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Figure 15. 
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Figure 16. 
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APPENDIX A. CONTACT INFORMATION 
LODA electronics 
(Automated sampler) 
307 South Elm 
POBox207 
Loda IL 60948 
www .lodaelectronics.com 
(217)386-2554 
Aerochem Metrics, Inc. 
(Automated sampler) 
4473 WestHighway476 
Bushnell FL 33513 
(352)793-8000 
Richard's Packaging 
(buckets and lids) 
121SW2 St. 
Des Moines IA 50309 
(515)243-8703 
85 
APPENDIX B. SAMPLE CALCULATIONS 
Cw=wet deposition concentration (µg/L or mg/L) 
Cn=dry deposition concentration (µg/L or mg/L) 
CLC=lab control concentration (distilled, deionized water) (µg/L or mg/L) 
V worn= volume of sample, wet or dry (L) 
VLC=volume of lab control (L) 
VT=volume of sample+ volume of lab control (L) 
A=area of bucket (m2) 
T=#ofdays 
To determine deposition rates for: 
1) Rainwater that has been diluted with lL of distilled, deionized water, or rainwater 
that has been diluted with distilled, deionized water to a total of 1 liter: 
((Cw*VT)-(CLC*VLC)/A)ff 
2) Undiluted rainwater: 
(Cw*Vw)/A)/T 
3) Dry deposition to a dry surface, or dry deposition to a wet surface: 
((Cn*Vn)-(CLC*VLC)/A)/T 
4) Dry deposition to a wet surface that has been diluted with distilled, deionized water to 
ensure adequate volume for analysis: 
((Cn*VT)-(CLC*VLc)/A) 
Site Date Description Deleted Data? Rainfall (ml) SRP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L SI mg/L > 
w 1/14·1121 diluted 36+1L 13.90 70.90 0.00 2.25 7.17 0.76 ""C ~ w 1/28·214 normal 305.0 8.88 16.47 779.57 0.36 0.99 0.03 z w 214·2111 noppt 0+1L 0.00 0.00 0.00 0.04 0.24 0.04 0 
w 2111·2118 normal 370.0 5.37 9.63 637.48 0.33 0.84 0.19 .... ~ 
w 2118·2/25 noppt 0+1L 1.39 0.93 30.38 0.08 0.25 0.08 ~ w 2125-3/4 no ppt 0+1L 1.32 2.64 0.00 0.12 0.20 0.08 
w 3/4·3111 diluted 40+1L 12.56 64.06 0.00 2.03 6.47 0.69 ~ 
w 3/11·3/25 normal, 2 weeks 830.0 1.19 2.15 834,04 0.65 1.29 0.11 ~ y ~ 
w ·4/1-4/8 normal 900.0 7.36 14.21 372.50 0.33 0.73 0.30 n 
w 4/8-4115 noppt 0+1L 1.74 3.00 9.14 0.12 0.24 0.00 0 
w 4/15-4/22 normal 1890.0 6.71 34.92 965.29 0.41 1.32 1.11 z n 
w 4/22-4/29 normal 970.0 4.00 6.31 743.32 0.39 0.87 0.11 ~ 
w 4/29-5/6 normal 5080.0 1.00 6.59 563.11 0.39 1.01 0.29 z ~ 
w 5/6·5113 normal 1950.0 0.00 15.97 895.61 0.41 0.34 0.60 ~ w 5/13·5/20 normal 1230.0 1.49 15.58 766.74 0.40 1.13 0.51 ~ 
w 5/20-5/27 diluted 78+922ml 11.58 91.21 3064.04 2.63 5.81 6.60 .... 0 w 5/27·6/3 normal 1130.0 0.00 15.39 1071.45 0.50 1.71 0.69 z ·oo w 6/3-6110 normal 1440.0 1.27 6.91 614.44 0.34 0.73 0.25 0 °' W1 6/10·6/17 noppt 0+1L 0.41 1.40 0.00 0,01 0.22 0.00 > 
W2 6/11·6/17 noppt 0+1L 0.00 1.12 0.00 0.01 0.22 0.01 ~ 
W1 6/17-6/24 normal 410.0 3.96 27.88 1251.15 0.81 1.76 1.48 
W2 6/17-6/24 normal 260.0 5.17 59.78 1506.70 1.21 2.60 1.35 
W1 6/24-7/1 normal 5430.0 0.00 3.53 331.92 0.21 0.61 0.44 
W2 6/24-7/1 normal 5500.0 0.00 4.88 395.64 0.23 0.69 0.46 
W1 711·7/8 normal 4030.0 0.41 16.50 470.56 0.37 0.93 0.99 
W2 7/1-7/8 normal 3980.0 ~ 0.87 15.42 511.09 0.36 0.97 0.86 
W1 7/8·7/15 normal 3600.0' 1.63 7.71 274.90 0.26 0.54 0.96 
W2 7/8·7/15 normal 3700.0 1.99 7.63 332.88 0.29 0.27 0.99 
W1 7/15·7/22 diluted 30+970ml 19.44 175.27 3359.13 2.38 1.02 14.12 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SRP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L SI mg/L 
W2 7/15·7/22 noppt o+1L 0.64 2.22 196.23 0.08 0.11 0.42 
W1 7/22·7/29 nonnal 2120.0 1.58 9.05 886.90 0.38 1.04 0.47 
W2 7/22·7/29 nonnal 2170.0 1.53 9.05 921.77 0.37 1.04 0.65 
W1 7/29-815 dlluted 33o+670ml 6.79 13.26 669.27 0.55 1.34 0.45 . 
W2 7/29-815 di luted 34o+660ml 4.15 16.85 877.97 0.63 1.60 0.63 
W1 815·8112 diluted 37o+630ml 2.88 16.51 698.43 0.72 1.13 0.00 
W2 815·8112 diluted 36o+640ml 2.01 15.47 1106.90 0.73 1.72 0.00 
W1 8/12·8/19 no ppt (<5ml) o+1L 0.00 2.01 21.39 0.13 0.51 0.05 
W2 8/12·8119 noppt o+1L 0.00 0.86 17.01 0.12 0.48 0.00 
W1 8/19-8126 nonnal 1240.0 0.55 26.06 888.19 0.74 1.08 1.05 
W2 8119-8126 nonnal 1260.0 0.15 27.28 978.35 0.72 1.71 0.88 
W1 8126-9/2 noppt o+1L 0.00 0.99 0.00 0.06 0.00 0.01 
W2 8/26-9/2 noppt o+1L 0.00 0.40 0.00 O.o7 0.11 0.04 
W1 9/2-9/9 noppt o+1L 0.57 1.34 41.65 0.06 0.00 0.07 
W2 9/2-9/9 noppt 0+1L 0.04 0.62 43.01 0.06 0.00 0.14 00 
W1 9/9-9/16 nonnal 1100.0 0.71 11.48 211.39 0.21 0.45 0.45 -.) 
W2 9/9·9/16 nonnal 1160.0 1.09 21.32 322.61 0.23 0.62 0.64 
W1 9/16-9/23 nonnal 1310.0 1.99 3.06 312.08 0.16 0.16 0.17 
W2 9/16-9/23 nonnal 2260.0 2.04 5.75 305.55 0.16 0.37 0.15 
W1 9/23·9/30 diluted 7o+930ml 19.12 51.48 967.30 1.29 3.08 0.41 
W2 9123·9/30 diluted 4o+960ml 58.41 142.96 2199.25 2.52 2.89 6.59 
W1 9/30-10/7 noppt <>t1L 0.18 1.06 7.39 0.05 0.10 0.39 
W2 9130.1on no ppt o+1L 0.03 0.88 0.00 0.05 0.10 0.21 
W1 1on-10114 nonnal 770.0 0.00 5.90 574.36 0.19 0.62 0.23 
W2 1on-10114 nonnal 790.0 1.48 12.20 770.15 0.22 0.84 0.26 
W1 1 0/14-1 0/21 no ppt o+1L 0.00 0.45 0.00 0.06 0.12 O.o7 
W2 10/14-10/21 no ppt o+1L 0.00 0.53 7.19 0.06 0.12 0.17 
W1 10/21-10/28 diluted 25+975mL 145.20 368.80 no data 6.40 2.80 13.60 
W2 10/21-10/28 diluted 240+760mL 55.67 108.88 1388.33 2:13 2.67 2.00 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SAP µg/L TP µg/L NHx µg/L NOx mgll TN mg/L SI mg/L 
W1 10/28·11/4 normal 5950.0 1.20 2.68 310.30 0.19 0.13 0.24 
W2 10/28·11/4 normal 5900.0 1.83 2.83 401.96 0.22 0.18 0.22 
W1 11/4·11/12 no ppt 0+1L 0.00 0.00 11.41 0.09 0.00 0.00 
W2 11/4-11/12 noppt 0+1L 0.00 1.87 48.83 0.09 0.00 0.00 
W1 11/12·11/18 normal 690.0 2.32 6.n 863.64 0.32 1.06 0.25 
W2 11/12·11/18 normal 640.0 1.07 5.89 682.86 0.25 0.82 0.21 
W1 11/18·11/25 diluted 210+790mL 1.90 17.05 1114.71 1.00 2.38 0.57 
W2 11/18·11/25 diluted 200+800ml 6.50 37.15 1427.10 1.10 2.90 0.55 
W1 11125·1212 no ppt 0+1L 0.53 0.00 0.00 0.08 0.17 0.00 
W2 11/25·1212 no ppt 0+1L 1.16 1.51 8.98 0.07 0.20 0.01 
W1 1212-1218 normal 1160.0 1.68 2.34 261.58 0.26 0.64 0.09 
W2 1212·1218 mlssample y 420.0 
W1 1218·12115 diluted 350+650mL 5.14 11.60 1498.03 1.06 2.37 0.20 
W2 1218-12/15 diluted 210+790mL 11.43 23.76 2918.29 2.38 4.62 0.52 
W1 12115· 12122 no ppt 0+1L 0.00 0.00 11.73 0.07 0.22 0.04 00 
W2 12115· 12/22 no ppt 0+1L 2.33 2.29 38.35 0.11 0.28 0.11 00 
W1 12122· 12129 diluted 380+620mL 11.00 14.82 896.18 0.32 1.71 0.71 
W2 12/22·12129 diluted 60+940mL 104.17 152.00 2835.50 2.83 9.33 6.67 
W1 12/29·1/5 no ppt 0+1L 0.47 2.16 7.45 0.04 0.14 0.04 
W2 12129·1/5 no ppt 0+1L 2.28 6.53 32.67 0.07 0.19 0.11 
W3 6/17·6124 normal 270 20.05 91.27 1624.75 1.09 2.31 1.63 
W4 6/17·6/24 normal 290 22.90 n.73 16n.55 0.94 2.50 1.41 
W3 6/24·7/1 normal 4790 83.72 103.42 978.17 0.25 1.53 0.71 
W4 6/24·7/1 normal 5020 0.00 7.08 451.51 0.26 0.71 0.49 
W3 7/1-7/8 Bird droppings y 3460 128.51 173.71 1199.45 0.34 1.99 1.27 
W4 7/1-7/8 normal 3490 0.82 16.05 543.90 0.35 1.01 0.89 
W3 7/8·7/15 normal 4210 1.54 7.n 273.35 0.24 0.69 0.94 
W4 7/8·7/15 normal 4340 1.61 6.19 250.85 0.24 0.64 0.93 
W3 7/15·7/22 no ppt (<10mL) 0+1L 4.53 8.17 104.13 0.10 0.08 0.54 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Ralnfall (mL} SAP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L Si mg/L 
W4 7/15·7/22 no ppt, dropping 0+1L 1.58 5.32 103.33 0.08 0.00 0.06 
W3 7122·7/29 bird dropping y 2110 73.82 96.75 1240.70 0.42 1.69 0.82 
W4 7/22·7/29 normal 2110 2.16 18.09 1101.45 0.48 1.35 0.79 
W3 7/29·8/5 bird dropping y 470 235.61 296.58 1997.65 0.49 3.43 2.09 
W4 7/29·8/5 normal 440 4.27 13.07 771.84 0.53 1.22 0.66 
W3 8/5-8/12 diluted 370+630mL 0.54 19.41 1075.76 0.67 1.75 0.97 
W4 8/5-8/12 diluted 345+655mL 1.63 22.00 1210.00 0.67 1.96 1.19 
W3 8/12-8/19 noppt 0+1L 0.00 0.25 39.66 0.14 0.39 0.04 
W4 8/12-8/19 no ppt 0+1L 0.00 1.43 10.78 0.11 0.44 0.05 
W3 8/19-8/26 dirt in sample 1150 0.88 42.38 1370.83 0.93 2.23 1.70 
W4 8/19·8/26 dirt In sample 1090 0.38 36.11 1280.80 0.89 1.79 1.25 
W3 8/26·9/2 no ppt 0+1L 0.39 1.18 0.00 0.06 0.00 0.01 
W4 8/26·9/2 noppt 0+1L 0.74 0.27 0.00 0.07 0.09 0.04 
W3 9/2·9/9 no ppt 0+1L 0.58 2.39 51.67 0.05 0.05 0.03 
W4 9/2·9/9 noppt 0+1L 0.35 1.25 47.97 0.05 0.03 0.13 00 
W3 9/9-9/16 normal 1250 1.18 15.64 421.07 0.24 0.65 0.55 \0 
W4 9/9-9/16 normal 1230 5.61 20.96 438.96 0.27 0.75 0.47 
W3 9/16·9/23 normal 2000 2.16 5.01 433.34 0.23 0.43 0.21 
W4 9/16-9/23 normal 2000 2.38 2.97 379.88 0.24 0.37 0.23 
W3 9/23-9/30 diluted, dust 65+935mL 50.36 181.08 2332.87 1.94 5.19 2.28 
W4 9/23·9/30 diluted, dust 85+915mL 35.77 117.26 1853.80 1.32 3.70 1.69 
W3 9/30·10/7 no ppt 0+1L O.Q7 2.75 3.42 0.05 0.11 0.24 
W4 9/30-10/7 no ppt 0+1L 0.34 1.43 4.81 0.05 0.07 0.17 
W3 1017·10/14 normal 900 0.00 3.43 706.58 0.16 0.68 0.11 
W4 10/7·10/14 normal, dirt 920 0.00 6.56 704.04 0.18 0.71 0.18 
W3 10/14·10/21 no ppt 0+1L ·0.00 2.07 0.00 0.09 0.22 0.14 
W4 10/14·10/21 no ppt 0+1L 0.00 0.72 3.52 0.06 0.17 0.13 
W3 10/21-10/28 diluted 420+580mL 34.55 70.07 1841.88 1.60 2.62 1.43 
W4 10/21·10/28 diluted 150+850mL 44.33 106.60 1841.53 2.07 2.73 2.87 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SAP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L SI mg/L 
W3 10/28·11/4 normal 6180 1.74 2.93 376.23 0.21 0.17 0.17 
W4 10/28·11/4 normal 6230 2.07 2.42 355.53 0.21 0.11 0.13 
W3 11/4·11/12 no ppt o+1L 0.00 0.00 30.78 0.09 0.00 0.00 
W4 11/4·11/12 no ppt 0+1L 0.00 0.00 17.47 0.09 0.00 0.00 
W3 11/12·11/18 normal 670 2.54 7.30 1107.23 0.40 1.23 0.34 
W4 11/12·11/18 normal 670 4.81 15.75 1089.73 0.40 1.30 0.31 
W3 11/18·11/25 diluted 135+865mL 8.44 46.00 1668.59 1.41 3.78 1.26 
W4 11/18·11/25 diluted 140+860ml 7.57 45.50 1695.57 1.21 3.86 0.00 
W3 11/25·1212 noppt o+1L 4.35 6.40 0.00 0.11 0.27 0.08 
W4 11/25·1212 noppt o+1L 1.11 2.09 0.00 0.08 0.24 0.04 
W3 1212-1218 diluted, missample y 120+880mL 21.42 35.50 2758.42 2.67 6.25 1.33 
W4 1212·1218 diluted 12o+880mL 22.83 40.67 3571.92 2.92 7.42 2.33 
W3 1218·12115 diluted 160+840mL 10.94 13.38 3134.00 2.88 6.00 1.13 
W4 1218-12115 diluted, missample y 12o+880ml 
W3 12115·12122 sampler dysfunction y no data \0 
W4 12115· 12122 sampler dysfunction y no data 0 
W3 12122·12129 diluted, dirt 50+950mL 173.80 254.20 3450.20 3.00 11.40 6.20 
W4 12/22· 12129 mlssample, dirt y o+1L 10.67 20.86 39.85 0.22 0.53 0.43 
W3 12129·1/5 no ppt, dirt o+1L 3.18 8.84 184.05 0.04 0.19 0.17 
W4 12129·1/5 diluted, dirt 10+990mL 386.00 1151.00 5783.00 7.00 22.00 24.00 
W5 6/26-6/29 normal 2800 1.59 7.11 442.54 0.18 0.49 0.47 
W6 6/26·6/29 normal 2760 0.83 5.62 434.70 0.20 0.45 0.41 
W5 6/29·7/16 Algae y 3960 0.63 15.57 510.82 0.38 1.10 0.72 
W6 6/29·7/16 bird dropping, algae y 3950 4.15 89.77 530.28 0.34 1.42 1.43 
W5 7/16·7/23 normal 2320 0.56 8.86 528.89 0.25 0.79 0.33 
W6 7/16·7/23 normal 2430 0.78 6.88 484.88 0.24 0.67 0.51 
W5 7/23-7/30 normal 755 0.47 15.64 1008.34 0.45 1.36 0.78 
W6 7/23·7/30 normal 720 0.00 11.55 1035.50 0.48 1.39 1.00 
W5 7/30·8/6 no ppt o+1L 1.33 2.06 0.00 0.10 0.16 0.10 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SAP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L Si mg/L 
W6 7/30·8/6 noppt 0+1L 1.72 3.16 0.00 0.10 0.16 0.07 
W5 8/6·8/13 diluted 240+760mL 11.60 48.26 649.75 0.61 1.39 1.87 
W6 8/6·8113 diluted 260+740mL 11.18 48.61 600.56 0.61 1.22 2.53 
W5 8/13·8/20 noppt 0+1L 0.49 2.37 9.26 0.10 0.15 0.03 
W6 8/13·8/20 no ppt 0+1L 0.00 0.62 4.63 0.12 0.17 0.00 
W5 8/20-8/26 diluted 120+880mL 0.00 70.42 1549.14 1.07 2.90 3.92 
W6 8/20·8/26 diluted 90+910mL 5.34 90.24 1488.19 1.66 3.63 6.41 
W5 8/26-9/2 diluted 100+900mL 8.41 50.13 1382.50 1.51 3.55 2.04 
W6 8/26·9/2 diluted 245+755mL 3.47 19.95 655.50 0.68 1.32 0.30 
W5 9/2·9/9 noppt 0+1L 0.00 1.27 16.44 0.04 0.00 0.07 
W6 9/2-9/9 noppt 0+1L 0.00 1.05 37.76 0.05 0.00 0.08 
W5 9/9-9/16 normal 5120 1.42 0.00 321.53 0.13 0.37 0.18 
W6 9/9·9/16 n9rmal 5110 0.95 0.00 384.74 0.13 0.40 0.04 
W5 9/16·9/23 low volume, diluted 80+920mL 31.43 67.11 523.35 2.30 3.69 1.56 
W6 9/16·9/23 normal 1260 0.53 16.29 439.25 0.37 0.74 0.47 I.Cl 
W5 9/23·9/30 diluted 50+950mL 31.69 76.53 2118.89 2.05 3.97 0.00 
........ 
W6 9/23-9/30 diluted 70+930mL 18.08 56.74 1570.70 1.48 4.64 ·0.05 
W7 6/19·6/23 normal 410 8.57 34.33 1993.40 0.60 2.06 0.77 
W8 6/19-6/23 normal 420 5.94 24.45 1626.10 0.50 1.70 0.72 
W7 6/23·6/29 normal 4910 0.28 18.06 599.88 0.28 0.78 0.68 
W8 6/23·6/29 normal 4840 0.00 15.12 514.86 0.30 0.69 0.60 
W7 6/29·7/14 dirt on bottom y 2310 0.98 34.90 1109.15 0.66 1.85 0.58 
W8 6/29·7/14 dirt on bottom y 2110 3.82 35.13 1204.05 0.69 1.91 0.58 
W7 7/14-7/22 diluted 10+990mL 402.50 480.98 10512.60 3.54 0.00 0.00 
W8 7/14-7/22 diluted 10+990mL 243.97 425.04 n99.50 3.92 0.00 36.67 
W7 7/22·7/29 diluted 20+9BOmL 179.59 620.45 2612.83 4.48 12.24 32.19 
W8 7/22·7/29 no ppt, some dirt 0+1L 8.77 16.02 29.81 0.12 0.18 0.68 
W7 7/29·8/5 algae 1110 7.86 12.10 743.12 0.26 0.65 0.49 
W8 7/29·8/5 normal 1120 8.74 10.38 682.75 0.25 0.70 0.56 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SRP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L Si mg/L 
W7 8/5-e/12 diluted 250+750mL 6.46 56.72 1529.00 0.69 2.51 1.05 
w0 8/5·8/12 diluted 220+780rnL 12.47 66.43 1881.61 0.75 2.45 1.37 
W7 8/12·8119 normal 500 7.98 28.95 109e.05 0.58 1.73 0.65 
we e112-e119 normal 510 9.10 32.71 1009.04 0.56 1.32 o.eo 
W7 e/19-e/25 no ppt (<5ml) 0+1L 0.00 0.00 47.47 0.05 0.09 0.00 
we 8/19-8/25 no ppt (<5ml) 0+1L 0.00 0.42 57.56 0.05 0.17 O.Q7 
W7 e/25-9/2 algae y 830 6.78 67.86 1760.07 0.61 2.33 1.29 
W8 8125·9/2 algae y 850 60.58 133.11 1947.43 0.58 2.38 1.12 
W7 9/2-9/8 no ppt 0+1L 0.55 0.66 11.93 0.02 0.19 0.20 
we 9/2-9/8 no ppt 0+1L 0.25 0.06 17.48 0.00 0.16 0.15 
W7 9/8-9/15 normal 6360 2.81 5.99 519.15 0.30 0.73 0.38 
we 9/e-9/15 normal 6230 1.02 3.21 448.51 0.29 0.71 0.31 
W7 9/15-9/22 normal 1500 0.90 10.44 525.42 0.24 0.71 0.34 
W8 9/15-9/22 no sample 
W7 9/22·9/29 no ppt (<5ml) 0+1L 1.05 2.24 34.11 0.09 0.00 0.03 \0 
W8 9/15·9/29 2·weeksl 1040 0.79 12.95 329.03 0.20 0.44 0.42 N 
W9 6/25·6/29 normal 1600 0.36 12.23 792.76 0.40 1.04 0.68 
W10 6/25-6/29 normal 1680 0.30 9.72 75e.oo 0.37 0.92 0.52 
W9 6/29-7/16 algae y 640 2.62 73.1e 1016.00 1.12 2.52 1.75 
W10 6/29·7/16 algae y 1570 o.e2 21.27 557.10 0.39 1.03 1.22 
W9 7/16-7/23 diluted 150+850rnL 10.87 58.07 1375.60 1.33 2.39 0.00 
W10 7/16-7/23 diluted 160+840mL 4.97 39.65 809.53 0.94 2.04 0.00 
W9 7/23·7/30 diluted 45+955rnL 64.44 153.03 508e.67 3.71 6.23 7.35 
W10 7/23·7/30 diluted 50+950mL 13.35 55.82 3431.50 2.1e 4.e2 4.76 
W10 7/30-e/6 diluted 90+910rnL 15.29 59.39 567.32 1.56 3.53 2.47 
W10 e/6·8113 diluted 145+855rnL 12.39 36.93 e21.31 0.85 1.14 2.ee 
W10 e/13-e/20 normal 660 3.44 34.32 736.98 0.63 1.2e 0.79 
W10 8/20-8/26 no ppt 0+1L 0.22 1.97 0.00 0.00 0.01 0.00 
W9 8/27·9/2 normal 1500 1.10 11.66 570.53 0.37 0.87 0.54 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (ml) SRP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L Si mg/L 
W10 8/26-9/2 normal 1380 0.46 7.65 411.47 0.28 0.67 0.26 
W9 9/2·9/9 no ppt 0+1L 0.00 1.89 25.11 0.05 0.00 0.07 
W10 9/2-9/9 no ppt 0+1L 0.00 0.74 44.05 0.02 0.00 0.08 
W9 9/9·9/16 normal 2200 2.01 9.80 480.82 0.24 0.67 0,37 
W10 9/9-9/16 normal 1980 0.79 4.96 305.55 0.23 0.53 0.36 
W9 9/16·9/23 sampler dysf., no ppt y 0+1L 0.00 1.35 0.00 0.12 0.09 0.00 
W10 9/16·9/23 normal 2460 0.00 6.03 357.10 0.28 0.48 0.30 
W9 9/23-9130 no ppt 0+1L 1.08 1.88 10.57 0.06 0.07 0.00 
W10 9/23·9/30 no ppt 0+1L 1.06 1.83 20.79 0.09 0.01 0.00 
W11 6/30·7/14 normal y 3680 1.42 10.56 478.30 0.36 0.78 0.25 
W12 6130-7/14 normal y 4110 1.66 12.26 519.66 0.35 0.99 0.36 
W11 7/14·7/22 normal 1430 1.19 8.17 739.69 0.30 0.95 0.99 
W12 7/14·7/22 normal 1400 0.00 14.03 784.85 0.31 1.00 1.12 
W11 7/22-7/29 noppt 0+1L 0.18 0.00 0.00 0.04 0.10 0.36 
W12 7/22-7/29 noppt 0+1L 0.43 1.12 0.00 0.03 0.07 0.00 '° \.J..) 
W11 7/29·8/6 algae 1350 1.63 15.61 662.94 0.36 1.00 o.n 
W12 7/29-8/6 normal 1400 1.19 17.83 677.76 0.33 0.92 0.89 
W11 8/6-8/12 normal, bugs y 1820 36.57 52.88 434.66 0.15 0.78 0.49 
W12 8/6-8/12 normal, bugs y 1830 13.85 25.81 406.85 0.15 0.66 0.48 
W11 8/12-8/19 diluted 70+930mL 1.87 103.87 1808.10 2.42 9.12 0.84 
W12 8/12·8/19 diluted 80+920mL 29.07 86.53 1886.92 2.52 4.93 0.85 
W11 8/19·8/25 diluted 355+645mL o.oo 22.08 808.88 0.73 1.54 1.37 
W12 8/19-8125 diluted 360+640mL 5.37 82.56 1018.81 0.76 2.10 2.51 
W11 8/25-9/2 no ppt 0+1L 0.25 2.37 5.11 0.04 0.03 0.00 
W12 8/25·9/2 no ppt 0+1L 0.76 2.13 7.34 0.04 0.00 0.00 
W11 9/2-9/8 no ppt 0+1L 0.51 1.12 23.10 0.02 0.13 0.28 
W12 9/2-9/8 no ppt 0+1L 0.42 2.06 12.54 0.03 0.15 0.28 
W11 9/8-9/15 normal 790 0.73 19.51 492.78 0.25 0.80 0.56 
W12 9/8·9/15 normal 780 10.08 36.05 581.15 0.23 0.95 0.68 
APPENDIX C. (CONT.) 
Site Date Description Deleted Data? Rainfall (mL) SRP µg/L TP µg/L NHx µg/L NOx mg/L TN mg/L Si mg/L 
W11 9115·9/22 nonnal 780 0.00 12.43 565.82 0.30 0.61 0.36 
W12 9/15·9/22 nonnal 835 0.00 9.52 582.32 0.30 0.82 0.44 
W11 9/22·9/29 no ppt (<5mL), dirt 0+1L 6.91 20.91 145.45 0.10 o.oo 0.20 
W12 9/22·9/29 diluted, dirt 160+840mL 21.51 68.38 812.00 0.57 0.62 0.11 
'f 
Deleted Rainfall > 
"" Site Date Description data? (ml) SAP TP NHx NOx TN SI ~
W1 1/14·1/21 diluted 36+1000 0.86 4.50 0.00 0,07 0.15 0.00 z 
W1 1/28·214 normal 305.0 6.29 11.67 552.31 0.25 0.70 0.02 ~ 
'""" W1 214·2/11 no ppt 0+1000 0.00 0.00 0.00 0.00 0.12 0.10 ~
W1 2111·2/18 normal 370.0 4.61 8.28 547.89 0.28 0.72 0.16 ~ 
W1 2118·2125 no ppt 0+1000 0.00 0.00 0.00 0.00 0.06 0.00 
~ W1 2125·3/4 no ppt 0+1000 1.24 0.00 0.00 0.04 0.02 0.18 
W1 3/4-3/11 diluted 40+1000 2.26 1.72 76.74 0.02 ·0.28 0.19 ~ 
W1 3/11·3/25 normal, 2 weeks y 830.0 1.15 2.07 804.01 0.62 1.24 0.10 ~ 
~ 
W1 411·4/8 normal 900.0 15.40 29.71 778.75 0.69 1.52 0.62 ~ W1 4/8·4/15 no ppt 0+1000 2.85 6.97 10.88 0.05 0.40 0.00 00 
W1 4/15·4/22 normal 1890.0 29.45 153.31 4237.84 1.78 5.79 4.88 '""" ~
W1 4/22·4/29 normal 970.0 9.02 14.21 1674.83 0.88 1.97 0.24 '""" 0 
W1 4/29·5/6 normal 5080.0 11.76 77.73 6644.83 4.55 11.96 3.42 z 
W1 5/6·5/13 normal 1950.0 0.00 72.32 4056.75 1.88 1.54 2.72 ~ W1 5113·5/20 normal 1230.0 4.26 44.51 2190.67 1.15 3.22 1.46 
~ 
W1 5/20-5/27 diluted 78+922 0.00 9.68 . 555.16 0.35 0.85 0.40 > l.O VI 
W1 5/27·6/3 normal 1130.0 0.00 40.41 2812.40 1.32 4.48 1.82 
W1 6/3·6/10 normal 1440.0 4.24 23.11 2055.27 1.13 2.46 0.84 
W1 6/10·6/17 noppt 0+1000 0.94 0.39 0.00 0.00 0.00 0.00 
W1 6/17·6/24 normal 410.0 3.75 26.44 1186.49 0.77 1.67 1.40 
W1 6/24-7/1 normal 5430.0 0.00 44.54 4186.59 2.64 7.75 5.56 
W1 7/1-7/8 normal 4030.0 3.83 154.42 4404.96 3.43 8.70 9.29 
W1 7/8·7/15 normal 3600.0 13.66 64.55 2302.06 2.16 4.48 8.04 
W1 7/15·7/22 diluted 30+970 0.00 11.42 233.75 0.00 0.00 0.98 
W1 7/22·7/29 normal 2120.0 7.81 44.71 4380.06 1.89 5.14 2.32 
W1 7/29·8/5 diluted 330+670 2.85 9.65 511.57 0.30 0.84 0.33 
W1 8/5·8/12 diluted 370+630 0.96 12.31 567.79 0.53 0.87 0.00 
W1 8/12·8/19 no ppt (<5ml) 0+1000 0.00 4.68 49.76 0.09 0.28 0.13 
W1 8/19·8/26 normal 1240.0 1.59 75.05 2558.32 2.12 3.12 3.02 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (ml) SRP TP NHx NOx TN Si 
W1 8/26·9/2 no ppt 0+1000 0.00 0.00 0.00 0.05 0.00 0.02 
W1 9/2·9/9 no ppt 0+1000 0.35 1.74 19.20 0.01 0.00 0.00 
W1 9/9·9/16 normal 1100.0 1.81 29.32 540.13 0.54 1.15 1.14 
W1 9/16-9/23 norm at 1310.0 6.06 9.32 949.64 0.48 0.48 0.53 
W1 9/23·9/30 diluted 70+930 1.14 5.90 137.53 0.11 0.15 0.07 
W1 9/30·10/7 noppt 0+1000 0.00 0.80 17.29 0.00 0.00 0.61 
W1 10/7·10/14 normal 770.0 0.00 10.54 1025.85 0.34 1.11 0.41 
W1 10/14·10/21 no ppt 0+1000 0.00 0.63 0.00 0.00 0.00 0.00 
W1 10/21-10/28 diluted 25+975 8.43 21.01 0.00 0.19 0.00 0.61 
W1 10/28·11/4 normal 5950.0 16.66 37.20 4307.16 2.64 1.80 3.33 
W1 11/4·11/12 no ppt 0+1000 0.00 0.00 20.77 0.04 0.00 0.00 
W1 11/12·11/18 normal 690.0 4.38 12.79 1631.25 0.60 2.00 0.47 
W1 11/18·11/25 diluted 210+790 0.93 5.74 540.99 0.36 0.81 0.08 
W1 11/25·1212 no ppt 0+1000 1.23 0.00 0.00 0.02 0.00 0.00 \0 
W1 1212·1218 normal 1160.0 5.09 7.10 793.23 0.79 1.94 0.27 °' 
W1 1218·12115 diluted 350+650 3.80 9.47 1134.06 0.83 1.77 0.07 
W1 12115·12122 noppt 0+1000 0.00 0.00 27.33 O.o7 0.19 0.09 
W1 12122·12129 diluted 380+620 7.16 13.06 789.31 0.24 1.08 0.60 
W1 12129·1/5 no ppt 0+1000 2.80 2.10 0.00 0.02 0.05 0.09 
W2 6/11·6/17 no ppt 0+1000 0.00 0.00 0.00 0.00 0.00 0.00 
W2 6/17·6/24 normal 260.0 3.11 35.95 906.09 0.73 1.56 0.81 
W2 6/24·7/1 normal 5500.0 0.00 62.29 5054.63 2.91 8.77 5.87 
W2 7/1·7/8 normal 3980.0 8.04 142.58 4725.01 3.33 8.98 7.96 
W2 7/8·7/15 normal 3700.0 17.09 65.67 2865.04 2.47 2.36 8.52 
W2 7/15·7/22 noppt 0+1000 0.00 4.36 455.16 0.00 0.00 0.98 
W2 7/22·7/29 normal 2170.0 7.72 45.74 4659.63 1.87 5.25 3.26 
W2 7/29·8/5 diluted 340+660 0.96 12.79 691.43 0.38 1.08 0.48 
W2 8/5·8/12 diluted 360+640 0.14 11.04 893.08 0.52 1.34 0.00 
W2 8/12·8/19 no ppt 0+1000 0.00 2.01 39.58 0.07 0.23 0.00 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (mL) SAP TP NHx NOx TN Si 
W2 8/19-8/26 normal 1260.0 0.44 79.85 2863.47 2.10 5.01 2.57 
W2 8/26-9/2 no ppt 0+1000 0.00 0.00 0.00 0.09 0.13 0.10 
W2 9/2-9/9 no ppt 0+1000 0.00 0.08 22.32 0.02 0.00 0.00 
W2 9/9·9/16 normal 1160.0 2.94 57.45 869.28 0.61 1.67 1.71 
W2 9/16-9/23 normal 2260.0 10.68 30.17 1604.05 0.86 1.93 0.77 
W2 9/23-9/30 diluted 40+960 3.39 10.72 183.83 0.13 0.00 0.61 
W2 9/30·10/7 no ppt 0+1000 0.00 0.37 0.00 0.00 0.00 0.19 
W2 10/7-10/14 normal 790.0 2.71 22.36 1411.27 0.40 1.54 0.48 
W2 10/14-10/21 no ppt 0+1000 0.00 0.81 16.70 0.00 0.00 0.21 
W2 10/21-10/28 diluted 240+760 30.77 60.03 773.98 1.03 1.49 1.10 
W2 10/28·11/4 normal 5900.0 25.19 38.95 5532.57 3.03 2.48 3.03 
W2 11/4·11/12 no ppt 0+1000 0.00 0.95 96.07 0.04 0.00 0.00 
W2 11/12-11/18 diluted 640+360 2.93 16.12 1869.26 0.68 2.24 0.57 
W2 11/18·11/25 diluted 200+800 3.02 14.64 660.03 0.38 0.99 0.05 \0 
W2 11/25-1212 noppt 0+1000 2.70 0.26 18.38 0.00 0.02 o.oo ......) 
W2 1212-1218 diluted, mlssample y 420+580 1.86 1.55 333.15 0.19 0.66 0.20 
W2 1218-12115 diluted 210+790 5.12 11.64 1321.41 1.13 2.06 0.15 
W2 12115-12122 no ppt 0+1000 4.75 5.33 89.34 0.16 0.33 0.26 
W2 12122-12/29 diluted 60+940 10.66 21.15 393.69 0.33 0.64 0.88 
W2 12129·1/5 no ppt 0+1000 13.61 12.21 47.65 0.09 0.16 0.25 
W3 6/17·6/24 normal 270 13.04 59.36 1056.75 0.71 1.51 1.06 
W3 6/24-7/1 Bird droppings y 4790 931.56 1150.71 10883.70 2.84 17.06 7.94 
W3 7/1·7/8 Bird droppings y 3460 1032.82 1396.14 9640.18 2.75 15.97 10.18 
W3 7/8-7/15 normal 4210 15.10 76.11 2676.95 2.33 . 6.81 9.24 
W3 7/15-7/22 no ppt (<10mL) 0+1000 6.97 18.17 241.54 0.01 0.00 1.25 
W3 7/22-7/29 bird dropping y 2110 362.32 474.86 6089.71 2.05 8.32 4.01 
W3 7/29·8/5 bird dropping y 470 256.86 323.33 2177.83 0.54 3.74 2.28 
W3 8/5-8/12 diluted 370+630 0.00 14.83 893.83 0.49 1.41 0.83 
W3 8/12-8/19 no ppt 0+1000 0.00 0.58 92.27 0.12 0.02 0.10 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (mL) SRP TP NHx NOx TN SI 
W3 8/19·8/26 dirt in sample 1150 2.34 113.05 3656.70 2.48 5.94 4.53 
W3 8/26-9/2 no ppt 0+1000 0.91 0.00 0.00 0.05 0.00 0.03 
W3 9/2·9/9 no ppt 0+1000 0.37 4.15 42.26 0.00 0.12 0.00 
W3 9/9·9/16 normal 1250 3.44 45.40 1222.63 0.70 1.88 1.59 
W3 9/16·9/23 normal 2000 10.04 23.29 2013.18 1.06 2.00 0.99 
W3 9123·9/30 diluted; dust 65+935 5.63 24.87 332.76 0.20 0.43 0.34 
W3 9/30·10/7 no ppt 0+1000 0.00 4.72 7.94 0.00 0.02 0.26 
W3 10/7·10/14 normal 900 0.00 7.16 1475.06 0.33 1.42 0.23 
W3 10/14· 10/21 no ppt 0+1000 0.00 4.39 0.00 0.02 0.21 0.14 
W3 10/21-10/28 diluted 420+580 33.50 67.85 1796.96 1.44 2.56 1.38 
W3 10/28·11/4 normal 6180 25.05 42.18 5416.41 3.02 2.45 2.45 
W3 11/4·11/12 no ppt 0+1000 0.00 0.00 60.05 0.04 0.00 0.00 
W3 11/12·11/18 normal 670 4.62 13.28 2013.n 0.73 2.24 0.62 
W3 11/18·11/25 diluted 135+865 2.64 11.60 520.32 0.30 0.80 0.17 
IQ 
W3 11/25·1212 no ppt 0+1000 10.12 11.63 0.00 0.09 0.19 0.00 00 
W3 1212·1218 diluted, mlssample y 120+880 4.70 9.10 866.71 0.72 1.50 0.37 
W3 1218·12115 diluted 160+840 3.57 4.99 1053.16 1.03 2.02 0.30 
W3 12115· 12122 sampler dysfunction y no data no data no data no data no data no data no data 
W3 12122· 12129 diluted, dirt 50+950 16.28 29.48 399.20 0.28 0.66 0.67 
W3 12129·1/5 no ppt, dirt 0+1000 18.98 20.48 425.31 0.02 0.00 0.35 
W4 6/17-6/24 normal 290 16.00 54.30 1171.91 0.66 1.74 0.99 
W4 6/24·7/1 normal 5020 0.00 82.53 5264.99 3.01 8.33 5.66 
W4 7/1·7/8 normal 3490 6.63 130.12 4409.32 2.85 8.20 7.22 
W4 7/8·7/15 normal 4340 16.24 62.50 2532.46 2.40 6.46 9.39 
W4 7/15·7/22 no ppt, bird dropping y 0+1000 0.12 11.55 239.69 0.00 0.00 0.15 
W4 7/22-7/29 normal 2110 10.60 88.79 5406.24 2.33 6.62 3.87 
W4 7/29-8/5 normal 440 4.35 13.34 787.75 0.55 1.25 0.67 
W4 8/5-8/12 diluted 345+655 0.00 15.71 937.75 0.45 1.46 0.96 
W4 8/12-8/19 no ppt 0+1000 0.00 3.32 25.08 0.05 0.13 0.12 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (ml) SRP TP NHx NOx TN Si 
W4 8/19-8/26 dirt in sample 1090 0.96 91.30 3238.28 2.25 4.52 3.16 
W4 8/26-9/2 noppt 0+1000 1.75 0.00 0.00 O.Q7 0.09 0.10 
W4 9/2·9/9 noppt 0+1000 0.00 1.53 33.76 O.o1 0.08 0.00 
W4 9/9-9/16 normal 1230 16.02 59.90 1254.18 0.76 2.16 1.35 
W4 9/16-9/23 normal 2000 11.06 13.79 1764.83 1.11 1.71 1.06 
W4 9/23-9/30 diluted, dust 85+915 5.13 20.73 346.97 0.17 0.38 0.33 
W4 9/30-10/7 no ppt 0+1000 0.00 1.65 11.17 0.00 0.00 0.09 
W4 10/7-10/14 normal, dirt 920 0.00 14.00 1502.42 0.38 1.52 0.38 
W4 10/14-10/21 no ppt 0+1000 0.00 1.25 8.18 0.00 0.09 0.12 
W4 10/21-10/28 diluted 150+850 15.45 36.79 641.65 0.56 0.70 0.84 
W4 10/28-11/4 normal 6230 30.04 35.12 5159.81 3.05 1.60 1.89 
W4 11/4-11/12 no ppt 0+1000 0.00 0.00 33.13 0.04 0.00 0.00 
W4 11/12-11/18 normal 670 8.75 28.65 1981.95 0.73 2.36 0.56 
W4 11/18-11/25 diluted 140+860 2.46 14.74 550.62 0.31 0.79 0.00 \0 
W4 11/25·1212 no ppt 0+1000 2.58 1.61 0.00 0.02 0.12 o.oo \0 
W4 1212-1218 diluted 120+880 5.15 10.73 1122.32 0.80 1.87 0.69 
W4 12/8-12115 diluted 120+880 5.80 7.85 1358.59 1.22 2.34 0.34 
W4 12/15-12/22 sampler dysfunction y no data no data no data no data no data no data no data 
W4 12/22-12129 no ppt, dirt 0+1000 20.67 48.39 91.44 0.44 0.53 0.95 
W4 12129-1/5 diluted, dirt 10+990 23.03 26.66 132.95 0.09 0.00 0.51 
W5 6/26-6/29 normal 2800 24.98 112.05 6971.60 2.90 7.78 7.46 
W5 6/29·7/16 Algae y 3960 2.39 58.86 1931.40 1.43 4.14 2.73 
W5 7/16·7/23 normal 2320 3.05 47.94 2862.50 1.36 4.25 1.77 
W5 7/23-7/30 normal 755 0.83 27.46 1770.93 0.79 2.39 1.37 
W5 7/30-8/6 no ppt 0+1000 3.09 3.23 0.00 O.o7 O.Q1 0.15 
W5 8/6-8/13 diluted 240+760 5.08 24.13 348.79 0.22 0.72 1.04 
W5 8/13-8/20 noppt 0+1000 0.00 0.00 12.65 0.01 0.00 0.00 
W5 8/20-8/26 diluted 120+880 0.00 20.08 503.79 0.33 0.94 1.16 
W5 8/26-9/2 diluted 100+900 1.96 7.68 255.12 0.27 0.71 0.48 
APPENDIX D. (CONT.) 
Deleted Ralnfall 
Site Date Description data? (ml) SAP TP NHx NOx TN Si 
W5 9/2·9/9 noppt 0+1000 0.00 1.59 0.00 0.00 0.00 0.00 
ws 9/9·9/16 normal 5120 16.95 0.00 3829.43 ·1.58 4.39 2.19 
W5 9/16-9/23 low volume, diluted 80+920 5.12 12.47 88.09 0.30 0.54 0.07 
W5 9/23·9/30 diluted 50+950 1.67 6.37 225.99 0.14 0.10 0.00 
W6 6/26·6/29 normal 2760 12.84 87.32 6750.26 3.06 7.01 6.40 
W6 6/29-7/16 bird dropping, algae y 3950 15.65 338.58 1999.90 ·1.29 5.35 5.41 
W6 7/16·7/23 normal 2430 4.43 39.01 2748.73 1.35 . 3.78 2.89 
we 7/23·7/30 normal 720 0.00 19.34 1734.32 0.81 2.33 1.67 
we 7/30·8/6 no ppt 0+1000 3.98 5.76 0.00 0.07 0.01 0.07 
W6 8/6-8/13 diluted 260+740 5.40 26.64 349.57 0.25 0.69 1.52 
W6 8/13·8/20 no ppt 0+1000 0.00 0.00 1.74 0.04 0.00 0.00 
we 8/20·8/26 diluted 90+910 0.73 19.10 362.97 0.38 0.89 1.45 
we 8/26-9/2 diluted 245+755 1.98 8.03 318.11 0;32 0.6e 0.17 
we 9/2·9/9 no ppt 0+1000 0.00 1.08 10.40 0.00 0.00 0.00 -W6 9/9·9/16 normal 5110 11.25 0.00 4573.41 1.53 4.71 0.45 0 0 
we 9/16·9/23 normal 1260 1.56 47.67 1285.60 1.07 2.17 1.36 
W6 9/23-9/30 diluted 70+930 0.97 6.76 235.70 0.14 0.40 0.00 
W7 6/19·6/23 normal 410 14.92 59.75 3469.80 1.05 3.58 1.33 
W7 6/23·6/29 normal 4910 3.78 241.87 8035.65 3.80 10.42 9.05 
W7 6/29-7/14 dirt on bottom y 2310 2.43 86.71 2755.34 1.64 4.60 1.45 
W7 7/14·7/22 dilUted 10+990 7.59 9.04 30.50 0.08 0.00 0.00 
W7 7/22·7/29 diluted 20+980 4.85 28.17 121.73 0.02 0.30 1.48 
W7 7/29·8/5 algae 1110 20.23 31.16 1913.33 0.68 1.67 1.26 
W7 8/5-8/12 diluted 250+750 3.75 31.73 886.65 0.28 1.18 0.54 
W7 8/12·8/19 normal 500 9.37 34.01 1290.06 0.69 2.04 0.76 
W7 8/19·8/25 no ppt (<5ml) 0+1000 0.00 0.00 74.67 0.10 0.03 0.00 
W7 8/25·9/2 algae y 830 11.56 115.79 3003.00 1.04 3.97 2.21 
W7 9/2·9/8 no ppt 0+1000 1.49 0.00 0.00 0.00 0.37 0.54 
W7 9/8·9/15 normal 6360 41.28 88.14 7636.94 4.37 10.72 5.58 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (mL) SAP TP NHx NOx TN Si 
W7 9/15·9/22 normal 1500 3.15 36.43 1833.34 0.83 2.47 1.17 
W7 9/22·9/29 no ppt (<5ml) 0+1000 1.51 4.21 45.49 0.04 0.01 0.00 
W8 6/19·6123 normal 420 10.59 43;59 2899.50 0.89 3.04 1.29 
W8 6/23·6/29 normal 4840 0.00 199.69 6798.43 4.00 9.07 7.86 
W8 6/29·7/14 dirt on bottom y 2110 8.66 79.72 2732.12 1.57 4.34 1.33 
W8 7/14-7/22 diluted 10+990 4.37 7.91 0.00 0.09 o.oo 0.51 
we 7/22·7/29 no ppt, some dirt 0+1000 16.91 36.58 69.44 0.08 0.15 1.57 
W8 7/29·8/5 nonnal 1120 22.70 26.97 1773.71 0.65 1.81 1.44 
W8 8/5·8/12 diluted 220+780 4.49 31.56 919.03 0.27 1.12 0.70 
W8 8/12·8/19 normal 510 10.90 39.20 1209.20 0.67 1.58 0.96 
W8 8/19·8/25 no ppt (<5ml) 0+1000 0.00 0.00 101.66 0.08 0.23 0.00 
we 8/25-9/2 algae y 850 105.85 232.58 3402.75 1.02 4.16 1.96 
ws 9/2·9/8 noppt 0+1000 0.67 0.00 0.00 0.00 0.27 0.40 
W8 9/8·9/15 normal 6230 14.65 46.22 6462.98 4.17 10.27 4.53 ..... 
W8 9/15-9/22 no sample 0 ..... 
W8 9/15·9/29 2·weeksl y 1040 0.95 15.66 397.71 0.24 0.53 0.51 
W9 6/25·6/29 normal 1600 2.33 79.57 5156.13 2.60 6.76 4.45 
W9 6/29·7/16 algae y 640 1.60 44.64 619.75 0.68 1.54 1.07 
W9 7/16·7/23 diluted 150+850 2.44 18.48 437.85 0.43 0.74 0.00 
W9 7/23·7/30 diluted 45+955 3.38 15.28 531.16 0.21 0.39 0.75 
W9 8/27·9/2 normal 1500 4.54 48.22 2358.52 1.52 3.61 2.21 
W9 912·9/9 noppt 0+1000 0.00 3.05 0.00 0.00 0.00 0.00 
W9 9/9·9/16 normal 2200 10.26 50.01 2453.65 1.23 3.43 1.87 
W9 9/16-9/23 sampler dysf., no ppt y 
W9 9/23-9/30 noppt 0+1000 0.41 1.73 3.71 0.03 0.00 0.00 
W10 6/25·6129 normal 1680 2.04 66.38 5176.55 2.51 6.28 3.56 
W10 6/29·7/16 algae, 2 weeks y 1570 1.23 31.82 833.64 0.58 1.54 1.82 
W10 7/16-7/23 diluted 160+840 0.51 12.98 258.91 0.31 0.67 0.00 
W10 7/23·7/30 diluted 50+950 0.00 5.78 397.98 0.08 0.30 0.54 
APPENDIXD. (CONT.) 
Deleted Rainfall 
Site Date Description data? (ml) SRP TP NHx NOx 'TN Si 
W10 7/30-8/6 diluted 90+910 3.19 10.97 118.27 0.18 0.40 0.43 
W10 8/6·8113 diluted 145+855 2.64 9.45 263.01 0.15 0.33 0.97 
W10 8/13-8120 normal 660 5.35 53.30 1144.58 0.98 1.99 1.22 
W10 8/20·8/26 noppt 0+1000 0.00 2.15 . 0.00 0.00 0.03 0.00 
W10 8/26·9/2 normal 1380 1.46 24.46 1315;24 0.90 2.15 0.82 
W10 9/2·9/9 noppt 0+1000 o.oo 0.38 25.19 0.00 0.00 0.00 
W10 9/9·9/16 normal 1980 3.61 22.79 1403.33 1.03 2.45 1.64 
W10 9/16-9123 normal 2460 0.00 34.46 2040.57 1.60 2.75 1.71 
W10 9/23-9/30 noppt 0+1000 0.36 1.60 27.40 0.11 0.00 0.00 
W11 6/30·7/14 normal, 2 weeks y 3680 6.14 45.74 2070.93 1.57 3.36 1.09 
W11 7/14-7/22 normal 1430 3.46 23.68 2144.55 0.88 2.75 2.88 
W11 7122·7/29 noppt 0+1000 o.oo 0.00 0.00 0.00 0.00 0.82 
W11 7/29·8/6 algae 1350 4.52 43.32 1839.74 1.00 2.78 2.12 
W11 8/6-8112 normal, bugs y 1820 176.83 255.72 2101.79 0.73 3.76 2.36 -W11 8112·8/19 diluted 70+930 0.31 17.11 297.83 0.20 0.66 0.14 0 N 
W11 8119-8/25 diluted 355+645 0.00 13.86 722.35 0.65 1.30 0.89 
W11 8/25-9/2 noppt 0+1000 0.52 0.96 0.00 0,01 0.00 0.00 
W11 912·9/8 noppt 0+1000 1.37 0.00 0.00 0.00 0.20 0.76 
W11 9/8·9/15 normal 790 1.33 35.64 900.44 0.46 1.46 1.02 
W11 9/15·9/22 normal 780 0.00 22.55 1026.65 0.55 1.11 0.66 
W11 9/22·9/29 no ppt (<5ml), dirt 0+1000 15.10 47.53 303.75 0.08 0.00 0.33 
W12 8130-7/14 normal, 2 weeks y 4110 8.04 59.30 2512.89 1.68 4.80 1.72 
W12 7/14·7122 normal 1400 0.00 39.84 2227.74 0.88 2.84 3.19 
W12 7/22·7/29 no ppt 0+1000 0.00 1.88 0.00 0.00 0.00 0.00 
W12 7/29-8/6 normal 1400 3.48 52.04 1978.38 0.96 2.70 2.59 
W12 8/6-8/12 normal, bugs y 1830 67.32 125.50 1978.12 0.74 3.19 2.35 
W12 8/12·8/19 diluted 80+920 5.47 16.29 355.21 0.28 0.10 0.16 
W12 8/19·8125 diluted 360+640 1.52 72.52 958.46 0.55 1.69 2.26 
W12 8125·9/2 no ppt 0+1000 1.59 0.45 0.00 0.00 0.00 0.00 
APPENDIX D. (CONT.) 
Deleted Rainfall 
Site Date Description data? (ml) 
W12 9/2·9/8 noppt 0+1000 
W12 9/8-9/15 normal 780 
W12 9/15-9/22 normal 835 
W12 9/22-9/29 diluted, dirt 160+840 
SAP TP NHx 
1.13 0.40 0.00 
18.18 65.04 1048.46 
0.00 18.50 1131.08 
7.21 24.56 273.11 
NOx TN 
0.00 0.25 
0.42 1.72 
0.59 1.59 
0.08 0.23 
SI 
0.76 
1.22 
0.86 
0.00 
....... 
0 
V.l 
Deleted > ~ 
Site Date Description data? surface SAP TP NHx NOx TN Si ~ 
01 1/14·1/21 preloaded w 14.66 25.40 0.00 0.00 0.18 0.39 z 
01 1/28-214 dry d 5.39 17.84 574.53 0.45 0.79 0.08 0 
"""" 01 2/4·2111 dry d 6.48 11.93 0.00 0.07 0.19 0.35 ~
01 2/11·2/18 dry (<10mL) d 12.64 38.41 248.86 0.20 0.41 0.48 ~ 
01 2/18·2125 dry (<10mL) d 4.25 6.59 63.43 0.05 0.13 0.12 0 
01 2/25·3/4 dry d 10.98 19.32 0.00 0.28 0.34 0.50 ~ 01 3/4-3/11 dry d 9.25 28.63 331.75 0.36 0.70 0.50 
0 
01 3/11·3/25 dry d 15.43 44.72 130.05 0.43 0.32 0.35 trj 
01 4/1·4/8 dry, missample y d 14.39 27.83 289.99 0.39 0.73 0.35 ~ 
0 01 4/8-4/15 dry d 42.40 172.11 181.09 0.44 1.45 0.05 ~ 
01 4/15-4/22 dry d 60.58 206.17 396.92 0.70 1.58 3.85 """" ~
01 4122-4/29 dry d 62.90 225.03 276.81 0.74 1.39 1.85 """" 0 
01 4/29·5/6 dry d 31.21 143.17 1350.48 1.42 3.27 1.81 z 
01 5/6-5/13 dry d 58.95 226.98 667.41 0.75 0.00 1.04 0 
01 5/13-5/20 "' dry d 42.59 167.26 157.98 0.70 1.52 0.46 > ~ 
01 5/20·5/27 dry d 44.52 140.69 162.83 0.54 1.21 1.02 > -
01 5127·6/3 missample y d 41.06 121.06 1003.34 0.85 2.24 1.31 ~ 
01 6/3-6/10 dry d 26.02 65.16 159.92 0.76 0.96 0.29 
01 6/10·6/17 dry d 26.80 55.54 0.00 0.49 0.63 0.26 
01 6/17-6/24 dry d 68.45 140.21 139.93 0.76 0.02 2.17 
01 6/24-7/1 preloaded w 1.99 75.81 1430.99 0.15 1.00 1.78 
01 7/1•7/8 dry d 38.98 89.40 46.77 0.63 0.77 1.19 
01 7/8·7/15 missample y d 18.78 56.20 261.01 0.35 0.86 2.50 
01 7/15-7/22 preloaded, cont. y w 11.20 107.12 2073.47 0.08 0.27 3.32 
01 7/22·7/29 dry d 53.27 94.22 28.55 0.44 0.79 0.79 
01 7/29-8/5 preloaded, cont. y w 52.02 160.96 2211.10 0.06 2.12 2.73 
01 8/5·8/12 dry d 25.00 47.99 58.38 0.28 0.36 0.00 
01 8/12-8/19 preloaded, filtered w 24.38 82.04 2311.26 0.37 2.00 1.27 
01 8/19-8/26 dry d 52.20 120.95 19.46 0.44 0.84 1.22 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SRP TP NHx NOx TN Si 
01 8/26·9/2 preloaded, filtered w 26.60 35.38 3786.47 0.34 3.73 0.00 
01 9/2·9/9 dry d 33.06 69.93 59.65 0.26 0.57 0.84 
01 9/9·9/16 preloaded, filtered w 1.57 16.65 1572.98 0.64 1.26 0.76 
01 9/16-9/23 dry d 21.10 72.91 31.97 0.29 0.53 0.83 
D1 9/23·9/30 preloaded, cont. y w 58.37 159.38 2215.81 0.18 2.18 1.54 
D1F 9/23-9/30 preloaded, filtered w 56.82 92.39 2094.98 0.17 0.60 0.43 
01 9/30·10/7 dry d 30.37 78.17 79.27 0.19 0.56 0.77 
01 10/7·10/14 preloaded, filtered w 0.00 36.75 2230.08 0.35 1.94 0.37 
D1 10/14· 10/21 dry d 29.87 sue 137.21 0.23 0.53 0.51 
D1 1 0/21-1 0/28 preloaded, filtered, dirt w 49.97 68.94 3010.13 0.30 2.83 0.26 
01 10/28·11/4 dry d 27.64 61.33 792.78 0.63 0.79 0.82 
01 1114·11/12 preloaded w 8.76 25.72 1128.27 0.05 0.47 0.93 
01 11/12·11/18 dry, mlssample y d 13.36 36.24 207.80 0.38 0.99 0.38 
01 11/18·11/25 preloaded w 16.56 51.77 3218.70 0.53 2.66 0.32 -01 11/25·12/2 dry d 10.09 16.82 12.00 O.Q7 0.19 0.00 0 Vt 
01 1212·1218 preloaded w 18.70 8.43 1629.86 0.30 1.98 0.00 
01 1218-12115 dry, missample y d 4.64 9.80 785.30 0.82 1.66 0.05 
01 12115-12122 preloaded w 9.98 2.68 684.63 0.53 1.66 0.07 
D1 12/22· 12/29 dry d 6.96 15.22 30.08 0.09 0.09 0.44 
D1 12/29·1/5 preloaded w 1.57 30.67 739.55 0.21 0.00 0.52 
02 6/11·6/17 dry, test run y d 21.47 49.14 0.00 0.37 0.41 0.00 
02 6/17·6/24 dry d 33.28 62.59 136.33 0.51 1.14 1.45 
02 6/24·7/1 dry d 16.40 35.73 83.34 0.12 0;37 0.90 
02 7/1-7/8 preloaded, diluted w 7.74 87.99 372.93 0.20 0.40 2.00 
02 7/8·7/15 preloaded w 26.20 70.91 1835.60 0.00 1.05 2.91 
02 7/15·7/22 dry d 28.14 60.73 199.62 0.26 0.00 1.15 
D2 7/22·7/29 preloaded, cont. w 5.81 81.56 1307.37 0.42 1.68 1.17 
D2 7/29-8/5 dry (<10mL) d 23.27 48.81 53.20 0.23 0.17 0.32 
02 8/5·8/12 preloaded, cont. y w 18.77 59.95 1915.51 0.05 1.32 0.00 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SRP TP NHx NOx TN SI 
02 8/12·8/19 dry d 35.32 72.96 69.38 0.32 0.73 0.48 
02 8/19·8/26 preloaded, filtered w 8.58 21.87 1880.49 0.03 0.00 0.64 
02 8/26·9/2 dry d 33.27 66.08 0.00 0.24 0.69 1.41 
02 9/2·9/9 preloaded, filtered w 3.43 0.00 1441.78 0.25 1.26 0.39 
02 9/9·9/16 dry d 22.89 57.24 42.43 0.23 0.54 0.78 
02 9/16-9/23 preloaded, filtered w 19.66 35.37 1966.06 0.19 1.43 0.00 
02 9/23·9/30 dry d 22.36 71.25 57.64 0.15 0.40 0.60 
02 9/30·10/7 preloaded, filtered w 41.87 78.04 2239.76 0.00 2.62 0.88 
02 10/7-10/14 dry d 16.56 52.61 127.09 0.28 0.56 0.16 
02 10/14·10/21 preloaded, filtered w 28.59 61.41 2867.49 0.11 2.25 0.07 
02 10/21-10/28 dry d 31.01 65.25 51.34 0.16 0.00 0.51 
02 10/28·11/4 preloaded, filtered w 15.84 26.48 2979.20 0.41 1.76 2.08 
02 11/4·11/12 dry d 12.24 47.09 73.67 0.12 0.00 0.06 
02 11/12·11/18 preloaded w 33.10 84.55 3661.52 0.35 4.45 0.83 -02 11/18·11/25 dry d 6.89 25.86 171.00 0.28 0.28 0.23 0 0\ 
02 11/25·12/2 preloaded w 20.43 23.07 1247.45 0.04 1.09 0.00 
02 12/2·12/8 dry, missample y d 7.74 18.15 1426.63 0.92 2.31 0.47 
02 12/8·12115 preloaded w 2.34 0.00 547.01 0.34 1.41 0.00 
02 12/15· 12/22 dry d 7.15 9.16 296.04 0.42 0.77 0.49 
02 12/22· 12/29 preloaded w 23.14 34.46 1541.85 0.39 3.11 0.90 
02 12129·1/5 dry d 18.08 14.02 50.68 0.09 0.16 0.28 
03 6/17·6/24 dry, contaminated y d 1622.22 1704.75 1052.32 0.00 7.83 1.38 
03 6/24·7/1 dry, contaminated y d 1334.56 1624.34 2405.75 0.00 10.38 3.12 
03 7/1-7/8 dry d 49.37 107.67 32.06 0.47 1.01 1.19 
03 7/8-7/15 threw out sample y 
03 7/15·7/22 dry d 28.17 66.00 195.30 0.27 0.00 1.12 
03 7/22·7/29 pre-loaded, cont. y w 10.24 114.49 1528.45 0.35 2.28 0.45 
03 7/29·8/5 dry, contaminated y d 1383.80 1580.82 1339.90 0.00 8.90 1.49 
03 8/5-8/12 pre-loaded, cont. y w 21.65 121.97 2170.63 0.00 2.60 2.28 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SAP TP NH. NOx TN Sl 
03 8/12·8/19 dry d 22.63 62.31 67.95 0.40 0.71 0.39 
03 8/19·8/26 pre-loaded, filtered w 1.74 31.57 1763.14 0.12 2.39 1.12 
03 8/26·9/2 dry d 33.81 84.22 0.00 0.30 0.77 0.77 
03 9/2·9/9 preloaded, filtered w 37.44 48.34 1537.45 0.24 1.72 0.61 
03 9/9-9/16 dry d 42.21 103.05 44.56 0.21 0.72 1.01 
03 9/16·9/23 preloaded, filtered w 45.69 59.71 2064.53 0.48 0.86 0.26 
03 9/23·9/30 dry d 28.73 70.82 75.71 0.13 0.42 0.61 
03 9/30-10/7 preloaded, filtered w 60.58 89.74 2399.19 0.00 2.65 0.68 
03 10/7·10/14 dry d 18.74 59.87 314.42 0.49 0.86 0.28 
03 10/14·10/21 preloaded, filtered, dirt w 19.28 45.64 2682.98 0.09 1.96 0.17 
03 10/21-10/28 dry d 32.20 64.41 25.37 0.19 0.00 0.65 
03 10/28·11/4 preloaded, filtered w 19.63 21.56 3442.76 0.13 2.19 0.00 
03 11/4·11/12 dry d 5.02 10.50 133.58 0.12 0.00 0.00 
03 11/12·11/18 preloaded, dirt w 25.38 58.91 3816.14 0.00 4.48 1.02 -03 11/18·11/25 dry d 10,18 29.04 80.03 0.14 0.30 0.00 8 
03 11/25·1212 preloaded w 9.41 0.00 552.50 0.01 0.47 0.00 
03 1212·1218 dry, mlssample y d 3.23 8.78 216.49 0.27 0.50 0.21 
03 1218-12115 preloaded w 4.33 0.00 656.73 0.54 1.69 0.00 
03 12115·12122 dry d 6.28 5.96 243.16 0.26 0.56 0.33 
03 12122· 12129 preloaded w 9.30 0.00 0.00 0.07 1.30 0.20 
03 12129·1/5 dry, dirt d 17.48 18.37 236.79 0.09 0.00 0.35 
04 6/17-6/24 · dry, contaminated y d 1018.51 1103.46 901.95 0.00 4.39 2.38 
04 6/24-7/1 pre-loaded, diluted w 6.08 51.89 1082.85 0.00 0.24 0.58 
04 711-718 pre-loaded, diluted, cont. y w 16.08 134.10 299.27 0.31 0.61 3.10 
04 7/8·7/15 dry d 22.07 58.48 101.73 0.17 0.44 1.38 
04 7/15·7/22 pre-loaded w 3.80 62.16 1905.35 o.oo 0.29 2.98 
04 7/22·7/29 dry d 39.90 89.90 11.73 0.41 0.62 0.56 
04 7/29-8/5 pre-loaded, cont. y w 5.32 89.17 1666.69 0.00 1.62 2.46 
04 8/5-8/12 dry d 12.42 40.22 11.68 0.18 0.34 0.00 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SAP TP NHx NOx TN Si 
D4 8/12·8/19 pre-loaded, filtered w 35.29 68.50 1023.18 0.34 0.91 0.63 
04 8/19-8/26 dry, cont., mtssample y d 1998.11 1166.66 9083.04 0.00 13.38 5.53 
D4 8/26·9/2 pre-loaded, filtered w 43.73 57.44 3343.00 0.46 3.13 0.00 
04 9/2·9/9 dry, cont., filtered y d 1126.39 1237.31 1413.08 0.00 5.43 0.97 
04 9/9·9/16 preloaded, filtered w 51.82 71.21 1280.42 0.30 1.64 1.24 
D4 9/16-9/23 dry d 21.31 89.22 72.93 0.33 0.52 0.68 
04 9/23-9/30 preloaded, cont. y w 28.89 71.81 2477.34 0.13 1.83 0.52 
D4F 9/23-9/30 preloaded, filtered w 25.96 37.87 2352.19 0.13 1.70 0.02 
D4 9/30·10/7 dry d 33.12 86.50 97.05 0.26 0.56 1.05 
04 10/7·10/14 preloaded, filtered w 7.41 18.04 2316.13 0.38 1.93 0.00 
04 10/14-10/21 dry d 27.80 79.42 77.54 0.26 0.58 0.70 
04 10/21-10/28 preloaded, filtered, dirt w 27.50 35.22 2560.53 0.12 2.10 0.44 
D4 10/28·11/4 dry d 22.25 49.81 200.29 0.30 0.02 0.35 
D4 11/4·11112 preloaded w 5.15 13.15 1169.30 0.06 0.25 0.10 -04 11/12·11/18 dry d 14.82 39.55 80.02 0.08 0.22 0.30 0 00 
04 11/18·11/25 preloaded w 13.72 30.03 4669.55 0.09 3.80 0.00 
D4 11/25·12/2 dry d 15.24 24.38 5.82 0.07 0.23 0.19 
04 1212·1218 preloaded w 5.50 0.00 1065.38 0.05 1.18 0.00 
D4 1218·12115 dry, mlssample y d 8.49 14.61 1286.45 1.24 2.19 0.27 
04 12115· 12/22 preloaded, bulk y w 2.06 0.00 357.09 0.47 1.41 0.25 
D4 12/22· 12129 dry, mlssample y d 5.90 16.31 375.44 0.21 0.39 0.35 
04 12129·1/5 preloaded w 7.22 37.87 1400.30 0.10 0.00 0.54 
05 6/26·6/29 dry d 18.11 55.34 3.09 0.06 0.64 0.53 
05 6/29·7/16 preloaded, cont. y w 182.24 289.63 353.40 0.00 2.31 1.91 
05 7/16·7/23 dry d 18.98 51.55 0.00 0.50 0.67 0.00 
05 7/23·7/30 dry d 25.59 52.36 50.67 0.42 0.51 1.86 
05 7/30-8/6 threw out y 
05 8/6·8/13 preloaded,· cont. y w 221.51 380.72 2904.57 0.18 3.65 4.34 
05 B/13·8/20 dry d 34.22 83.38 86.53 0.76 0.42 0.78 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SAP TP NHx NOx TN Si 
05 8/20-8/26 preloaded, filtered w 58.03 82.84 876.31 0.07 0.81 4.14 
05 8126-9/2 preloaded, filtered w 0.00 18.91 2371.75 0.60 2.94 0.72 
05 912·9/9 preloaded, filtered w 51.69 55.96 648.52 0.40 1.32 4.70 
05 9/9-9/16 dry d 54.66 136.79 67.74 1.06 1.37 4.30 
05 9/16·9123 preloaded, filtered, bulk y w 175.99 211.96 4235.63 1.41 4.07 1.61 
05 9/23·9/30 dry d 39.71 130.86 133.00 0.34 0.86 1.64 
06 6/26·6129 preloadfid w 17.90 57.18 2267.23 0.06 1.69 1.18 
06 6129-7/16 dry, contaminated y d 556.28 637.95 466.91 0.00 3.14 2.13 
06 7/16·7123 preloaded, cont. y w 77.32 224.15 1946.93 0.11 1.85 3.76 
06 7/23-7130 preloaded, cont. y w 0.00 71.65 902.46 0.39 1.35 2.59 
06 7130-816 dry d 33.48 68.62 0.00 0.34 0.36 0.83 
06 8/6·8/13 dry d 64.57 116.07 123.11 0.00 ·o.87 1.11 
06 8/13-8/20 preloaded, filtered w 29.41 52.47 1160.77 0.75 2.39 0.55 
06 8/20·8/26 dry, dirt d 69.09 186.56 130.72 0.83 1.47 3.12 -06 8126-9/2 dry, missample y d 20.60 69.10 165.52 0.53 0.96 1.83 0 \0 
06 9/2-9/9 dry d 63.15 143.02 124.03 0.42 0.96 4.38 
06 9/9-9/16 preloaded, filtered w 36.66 60.90 832.29 1.23 1.24 10.79 
06 9/16·9/23 dry d 37.19 120.90 86.25 0.58 0.65 1.30 
06 9/23·9/30 preloaded, cont. y w 54.33 170.62 2715.14 0.36 2.70 2.56 
06F 9123·9/30 preloaded, filtered w 42.50 57.08 2479.76 0.32 2.02 0.95 
07 6/19·6123 preloaded w 69.88 152.79 5152.79 0.00 3.65 1.52 
07 6123·6/29 preloaded w 101.61 207.12 3722.38 0.03 3.33 1.42 
07 6/29·7/14 dry d 31.27 91.04 76.84 0.38 0.52 0.85 
07 7/14-7/22 preloaded, cont. y w 88.85 190.69 3258;21 0.09 2.92 2.29 
07 7122·7/29 dry, contaminated y d 530.88 609.77 428.28 0.00 2.50 1.02 
07 7129·8/5 preloaded w 35.81 117.90 3413.42 0.00 2.86 2.01 
07 8/5-8/12 dry d 35.24 76.31 71.52 0.24 0.20 0.00 
07 8/12·8/19 preloaded, filtered w 86.15 129.06 3579.80 0.36 3.04 0.52 
07 8/19-6125 dry d 106.95 182.41 192.89 0.09 0.60 0.95 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SRP TP NHx NOx TN SI 
D7 8125·9/2 preloaded, flltered w 273.45 343.55 4573.06 0.38 4.99 1.16 
D7 912·9/8 dry d 92.30 177.92 32.80 0.43 1.17 1.60 
D7 9/8-9/15 preloaded, filtered w 15.58 16.77 2284.94 0.28 2.68 1.56 
D7 9/15-9/22 dry d 28.62 92.80 41.35 0.28 0.81 0.67 
07 9122·9/29 preloaded, filtered w 46.87 69.44 2979.58 0.05 2.33 0.00 
D8 6/19-6123 dry d 43.91 108.35 0.00 0.09 0.54 1.19 
08 6123-6129 dry d 29.74 87.37 174.29 0.47 0.93 1.26 
D8 6/29-7/14 preloaded, cont. y w 36.99 114.01 101.60 0.33 . 0.14 1.43 
08 7/14·7/22 dry d 70.21 112.99 0.00 0.53 0.55 0.55 
08 7/22-7/29 preloaded, cont. y w 25.81 148.27 2704.49 0.60 3.74 1.36 
08 7/29-815 dry, contaminated y d 179.80 258.47 311.30 0.00 2.35 1.04 
08 815-8112 preloaded, cont. y w 159.97 289.42 4383.73 0.22 4.53 0.52 
08 8112·8119 dry d 67.57 128.24 89.56 0.44 0.90 0.81 
08 8119-8/25 preloaded, filtered w 45.23 84.05 5195.14 o.oo 1.41 1.06 -DB 8125·9/2 dry d 40.61 111.49 63.90 0.27 0.33 1.09 -0 
08 9/2·9/8 preloaded, filtered w 49.46 53.53 3311.33 0.32 3.57 1.16 
08 9/8-9/15 dry d 34.04 96.12 99.97 0.45 0.88 1.17 
08 9/15-9122 preloaded, filtered, bulk y w 33.59 70.55 4666.30 0.91 4.38 0.67 
08 9/22-9/29 dry, bulk y d 40.84 99.94 49.15 0.18 0.56 0.90 
09 6/25·6/29 preloaded, cont. y w 19.15 740.70 3429.05 0.11 4.41 13.97 
09 6129-7/16 dry d 26.04 74.76 37.78 0.39 0.60 1.29 
·09 7/16-7123 preloaded, cont. y w 21.14 114.65 3118.75 0.24 1.69 2.62 
09 7/23·7/30 dry d 24.62 52.83 46.40 0;26 0.27 1.29 
09 7/30-816 preloaded, bulk y w 6.84 80.27 2107.18 0.11 2.27 2.10 
D9 8127·9/2 preloaded, filtered w 22.60 27.56 3550.85 0.58 3.78 0.00 
09 9/2·9/9 dry d 39.93 90.98 25.67 0.20 0.20 0.69 
09 9/9-9/16 preloaded, filtered w 76.14 113.18 1196.26 0.52 0.92 1.07 
09 9/16-9/23 dry, filtered, bulk y d 15.72 42.57 2328.20 1.64 3.41 0.96 
09 9123-9/30 preloaded, cont. y w 46.84 115.43 2454.62 0.34 2.42 1.06 
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09F 9/23·9130 preloaded, filtered w 37.91 58.29 2348.05 0.32 1.94 0.32 
010 6/25-6/29 dry d 15.20 60.63 36.96 0.14 0.75 1.05 
010 6/29-7/16 preloaded w 70.39 165.40 83.16 0.52 1.01 2.04 
010 7/16-7/23 dry d 33.53 77.10 0.00 0.85 1.02 0.66 
010 7/23·7/30 preloaded, cont. y w 12.24 66.98 2284.13 0.74 2.62 0.30 
010 7/30·8/6 dry d 37.56 78.53 0.00 0.41 0.59 1.15 
010 8/6·8/13 preloaded, cont. y w 29.09 87.66 2436.40 0.09 1.66 1.28 
010 8/13·8/20 dry d 61.11 118.53 71.13 0.49 0.33 0.84 
010 8/20·8/26 preloaded, filtered w 0.00 0.00 1889.22 0.00 0.92 0.00 
010 8/26-9/2 dry d 29.56 99.83 24.76 0.84 1.33 1.11 
010 9/2·9/9 preloaded, filtered w 38.66 48.42 2021.63 0.22 1.39 0.43 
010 9/9-9/16 dry d 28.89 133.25 134.19 0.66 1.28 1.30 
010 9/16-9/23 preloaded, filtered w 15.33 41.32 2195.60 0.67 1.35 0.20 
010 9/23-9/30 dry d 33.18 83.64 94.55 0.31 0.35 0.90 -011 6/30-7/14 preloaded, 2 weeks 124.18 231.58 127.73 0.27 0.20 2.03 -y w -011 7/14·7/22 preloaded, cont. y w 17.29 72.38 1464.87 0.09 0.83 2.63 
011 7/22·7/29 preloaded, cont. y w 8.21 81.69 1442.27 0.41 1.78 0.82 
011 7/29·8/6 dry d 22.28 69.90 0.00 0.31 0.24 1.17 
011 8/6-8/12 preloaded w 34.65 98.75 1866.49 0.17 1.50 0.00 
011 8/12·8/19 dry, contaminated y d 1199.65 1466.23 1367.14 0.00 10.09 1.31 
011 8/19-8/25 preloaded, filtered w 15.83 53.04 2604.96 0.00 2.99 1.34 
011 8/25-9/2 dry d 35.72 91.08 63.03 0.25 0.68 0.92 
011 9/2·9/8 preloaded, filtered w 89.70 113.02 2187.82 0.20 2.49 0.69 
011 9/8-9/15 dry d 38.75 106.41 80.67 0.40 0.99 1.02 
011 9/15·9/22 preloaded, filtered w 47.54 87.47 3129.87 0.54 2.55 0.67 
011 9/22·9/29 dry d 28.05 86.81 21.90 0.13 0.41 0.71 
012 6/30·7/14 dry, contaminated y d 151.20 227.48 282.17 0.03 2.15 0.76 
012 7/14-7/22 dry d 30.18 62.34 0.00 0.50 0.32 1.01 
012 7/22·7129 dry d 29.59 74.33 0.00 0.23 0.58 1.63 
APPENDIX E. (CONT.) 
Deleted 
Site Date Description data? surface SRP TP NHx NOx TN Si 
012 7/29·8/6 preloaded w 20.14 107.01 1560.00 0.13 0.14 2.70 
012 816·8112 dry, contaminated d 43.02 96.10 62.47 0.16 0.52 0.00 
012 8/12·8119 preloaded, algae, filtered y w 2137.25 2342.31 7176.00 0.34 12.34 5.66 
012 8/19-8/25 dry d 65.58 172.05 121.89 0.04 0.45 0.92 
012 8125·9/2 preloaded, filtered w 121.34 170.44 2363.86 0.06 3.10 0.07 
012 9/2·9/8 dry d 47.00 107.92 24.62 0.25 0.98 0.98 
012 9/8-9/15 preloaded,cont, filtered y w 1591.22 1533.98 8118.99 0.66 15.93 1.74 
012 9/15-9/22 dry d 31.58 142.00 129.91 0.37 1.31 1.17 
012 9/22·9/29 preloaded, filtered w 54.54 93.07 2439.99 0.11 1.64 0.00 
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